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Abstract 

Advertising plays an important role in modern free markets. Furthermore, advertising is moving towards the 
establishment of one-to-one marketing relationships. Thus, personalized advertisement is currently considered as 
a hot topic in product promotion as it can be proved beneficial for all the key players, such as the advertisers, the 
advertised companies, as well as the consumers. Interactive TV and WWW can provide the means for 
personalized advertising. But of course, special systems and platforms for personalization must be first 
developed. This paper proposes a prototype system which efficiently achieves the personalization of the 
advertisements in the environment of digital interactive TV. Thus, the environment for the exploitation of the 
proposed system are examined, the details in design and implementation are given, while extensive operation 
testing and evaluation are provided proving its high applicability in real business environments. 
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1.  Introduction 

High-speed networks, new revolutionary digital 
signal processing and data compression technologies 
and, improved data transmission services allow the 
introduction of advanced interactive television (TV) 
platform services to markets. Furthermore, most 
media professionals are turning their attention to new 
technologies and new forms of television content. 
New technologies can bring rapid change to the 
existing passive experience of watching television, 
relying on the example of the Internet. The transition 
to these "revolutionary" changes and a possible 
participation towards this direction requires the 
knowledge of the current state of the television 
market. 

Furthermore, the advertising industry has many 
reasons to be concerned about the public opinion 
being formed around the ads. A thorough 
examination of the current situation could lead to the 
selection of a better way to solve the problem. More 

and more aggressive ads are not a long term solution. 
Banwari Mittal’s survey [1] confirms the need for 
actions aimed at reversing this situation. Failure to 
take appropriate actions may increase the money 
spent from advertising companies in vain due to 
increased resistance from the public [1][26]. One 
solution to this problem probably could be the 
personalization of ads. The use of personalization 
improves the image of advertising, since viewers will 
no longer be forced to watch ads that do not interest 
them or are considered boring. The individualization 
or personalization of ads in Interactive TV platforms 
is the main issue of this paper.  

Specifically, the main goal of this paper is to 
propose the specifications, design and 
implementation of a prototype distributed system 
which achieves personalization of advertisements in 
Digital Interactive TV (DITV) environments. The 
proposed system takes into consideration all the main 
technological trends on the subject and incorporates 
advanced features. Thus, the main contribution of this 
paper is the integration of these technologies, 
concepts and architectures in a unified platform 
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providing the reader with all the details for such an 
advanced system development. 

Thus, in section 2, we discuss the main 
characteristics of the respective business and 
technical environment for interactive digital 
advertisement as well as the problem space for 
personalization in TV advertising.  

Based on our research experience and analysis, in 
section 3 an alternative advertisement personalization 
approach in DITV is presented. Specifically, the 
proposed mechanism is based on the software agent 
technology and uses the notion of auction. The use of 
that particular mechanism enables the advertisement 
companies to participate in auctions for the 
advertisement airtime separately in every user’s Set-
Top-Box (STB). At the time of the participation the 
advertisement company can use the profile 
information of the current viewers to decide for 
which ad video the airtime should be bought, what 
the highest bid should be, etc. The particular 
mechanism is proved to satisfy all the key players in 
DITV industry. 

In section 4, the system design based on the use of 
UML semantics and diagrams, as well as the 
implemented prototype system are presented. The 
latter consists of two types of agents: dealers and 
brokers. Dealers represent the interests of the airtime 
owners, while the brokers represent the interests of 
the advertisers and the advertised companies. In the 
same section, we also discuss the transfer of our 
system to a real DITV environment. 

In section 5, system operation tests are extensively 
presented. These tests show that the proposed 
prototype distributed system behaves according to the 
assumptions made.  

In section 6, a theoretic evaluation model is 
proposed proving that our approach on personalized 
advertising is beneficial for the involved parties and 
key players in interactive TV industry. In addition, 
the results of an interview based survey are presented 
in order to show the high applicability of our 
approach in real business environments. 

Finally, in section 7 the related work is presented, 
while in section 8, our future work and open issues 
that need clarification are spotted.     

2. Environment and Problem Space 

2.1. Digital Interactive TV 

Digital Interactive TV is the convergence of the 
digital television technology and the Internet. The 
new platform resulting from this convergence can be 
used to provide TV viewers with various interactive 
TV programs, free access to the Web, e-mail 
services, on-line store services, etc. This technology 
can be considered as another mean of accessing the 
Internet, but also as a way to provide TV viewers 
with the opportunity to purchase goods associated 
with a TV program, use banking services or play 
games, to influence the evolution of television shows, 
to communicate and collaborate with other viewers 
with similar interests, etc. [2]. In future, towards this 
direction TV viewers will have their own mini-studio 
for producing his/her own TV programs or content, 
as well as the ability to share this content in real time 
within a collaborative networked environment [3]. 
Thus, the passive experience of watching TV is 
transformed by DITV into an on-demand, interactive 
and participatory communication experience.  

2.2. Business Environment 

During the past few years, radical changes in 
strategy and internal organization of companies 
within the television industry have taken place. These 
changes will have a long and perhaps permanent 
impact on the evolution of television. For example, 
more and more media related companies have begun 
to create internal sections devoted to DITV [2]. There 
is an important number of companies that are 
involved in telecommunications sector, as well as 
software companies have invested huge sums of 
millions or even billions of dollars in new bi-
directional digital networks [20]. The main goal of 
these investments was the acquisition of data, audio 
and video digital transmission infrastructure [2]. 
Companies providing cable and satellite services 
have begun to introduce DITV networks in the 
market in order to promote a new form of trade, the t-
commerce [19]. The "t-commerce" gives the 
opportunity and the means to buy or sell products as 
they appear on TV by using a respective technology 
incorporated in a set-top-box which is a special 
device consisting of integrated electronic circuits and 
connected to the TV [18]. The “t-commerce” offers 
unprecedented opportunities to exhibit products with 
new and exciting ways. The technology of “t-



  3

commerce” is already incorporated in modern set-
top-boxes. In short, DITV can be considered as a 
serious business opportunity estimated to bring 
profits of several billion dollars [2].  

2.3.  Technology  Environment 

This business environment requires the adoption of 
new advanced technological solutions. These 
solutions and the corresponding problems drove the 
development of integrated interactive TV platforms. 
There are a number of technologies that promise to 
transform the provision of interactive television 
services into a fairly lucrative sector like the bi-
directional hybrid fibber coaxial (HFC) networks, the 
xDSL technology [4], digital satellite broadcasting, 
enhanced multimedia content, "smart" devices in the 
customer side, etc. [5]. Open standards for DITV  
middleware, like JavaTV, MHP and OCAP are 
adopted by broadcasters, receiver manufacturers and 
application developers, in order to achieve 
interoperability and fast deployment [28][29][30].  

2.4. Personalization in Advertising 

Nowadays, advertising plays a really important 
role in product promotion, and is considered as the 
driving force of free markets. On the other hand, 
critics of the ad accuse it for a variety of sins 
including the deception and manipulation of 
consumers, the sexism, the moral and mental 
pollution, and more. As the advertising industry has 
many reasons to be concerned about public opinion, 
it must thoroughly examine the situation and find out 
ways to improve it. Failure to efficiently react may 
lead to increment of in vain money spending while 
augmenting the resistance from the public. One 
solution to this problem could be the personalization 
of advertising.  

The term “personalization” is used to express the 
possibilities for promoting and selling products 
differently to each customer. This idea [7] was 
combined with Internet technology promising to 
convert e-commerce in a one-to-one marketing 
process [6]. Consequently, it is considered that the 
on-line stores should develop one-to-one 
relationships with their customers. The main purpose 
of personalization is the best customer service by 
using prior knowledge or prediction of customer 
needs. In fact, personalization in advertising has been 
more or less promoted within the Internet-based 
systems. Specifically, three broad categories are 
recognised within the Internet framework: the manual 

decision rule systems, the collaborative filtering 
systems and the content-based filtering systems [3]. 
The manual decision rule systems allow operators of 
Web sites to set personalization rules based on 
demographic data and the customer profile collected 
during the registration process [23]. The 
collaborative filtering systems typically receive 
information directly from customers in the form of 
preferences or ratings, and through a correlation 
mechanism they return the information which better 
fits. The content-based filtering systems are based on 
the similarity between the content of Web pages and 
customer profile built from information obtained 
directly or indirectly by the users. The new 
generation of personalization systems exploit as 
much as possible the Web usage data which are 
essentially all data obtained by the user directly or 
indirectly by observing his/her interaction with the 
system [24]. The analysis of usage data can reduce 
the need for collection of subjective evaluations and 
personal preferences based on records. 

2.5.  Problem Space 

From the above analysis, it becomes obvious that 
there is a need for an effective and efficient platform 
of personalised advertising in DITV in order to create 
a win-to-win situation for all key players. This win-
to-win situation must be evaluated through a number 
of crucial success factors, such as the Return of 
Investment for advertised party, the profits of the 
airtime owner and the quality of television program 
as perceived by the viewer/subscriber. Such an 
evaluation analysis is provided in section 6. In this 
paper, we propose such a platform which mainly 
focuses on providing the TV viewers with 
advertisements that better fit their profile. 

3. Our Approach 

3.1. Operational Model 

The examined operational model includes three 
main categories of "key players" as in table 1. 

 
Table 1: The key players in personalized advertising 

Airtime Owners 
 

DITV Service providers or Content 
providers  

Viewers The end customers / subscribers  
Advertised 
Parties 

A business that wishes to be 
advertised or Advertising Company 
representing number of businesses 
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The DITV service providers control a substantial 
part of the overall DITV infrastructure. They 
generally own powerful servers and have the 
capability to transfer content to/from subscribers. 
Furthermore, all subscribers have in their premises 
special STB devices that are responsible for 
maintaining the subscribers’ profiles and ensure the 
transfer of any kind of data between the DITV 
service provider and the customer. Finally, the 
advertising company is playing the role of 
intermediary and facilitates the communication 
between the owner of advertising time and advertised 
businesses. 

The basic idea behind our personalization method 
is the conduction of distributed auctions in an 
environment configured for digital television. The 
purpose of each auction is to determine which 
concrete advertisement video will be played for the 
particular people who are watching TV at a given 
moment, taking into consideration the targeting 
information provided by advertised parties. We 
assume that viewers can be recognized using 
behavioural analysis or some kind of “indication of 
presence” [8]. The simplest form of target 
information includes among others, the age range and 
the financial position of the preferred viewers, their 
personal preferences and, the maximum amount of 
money that the advertised party is ready to pay for 
showing its advertisement to the selected audience. 
The above essentially means that companies wishing 
to advertise should work closely with the advertising 
companies to select an appropriate targeting strategy. 

The air time owners must program the way the 
auction should be conducted, the timing of auctions 
and the price of advertising time. At the end of the 
auction, the results must be sent back to the provider 
to perform billing and update the auction strategy, if 
required.  

In figure 1, the proposed DITV advertisement 
system’s procedures are illustrated. These procedures 
are described in detail below according to the 
numbers shown in figure 1. 

  

 
 

Figure 1: The System Operation Overview 

 
Specifically, we have the following procedures: 

1. Subscription and STB acquisition: All DITV 
customers receive at their premises STB devices 
equipped with a platform that enables the 
execution of java mobile agents. 

2. Registration Process: All DITV customers fill 
out a registration form that includes their basic 
demographic data (e.g. age, gender, income, 
occupation, area of residence) and some 
additional information such as preferences, 
lifestyle, etc. This data is then stored on each 
customer’s STB device thus creating the initial 
reference “profile” for each customer/viewer.   

3. Profile Enrichment: Customers interact with the 
device (watch TV programs, commercials, 
browse channels, use EPG-Electronic Program 
Guide), while this interaction is monitored. The 
collected usage data (preferences, habits) are 
stored in STB enriching viewer’s "profile". It is 
presumed that STB system can recognize each 
viewer using some mechanism like indication of 
presence (e.g. via login), etc.  

4. Targeting: The representatives of businesses to 
be advertised or the advertising companies create 
a set of rules which determines the target group 
for their advertisements. It is presumed that the 
advertising companies or the advertised 
businesses by themselves have previously 
conducted a respective market research. 

5. STB preparation: Software agents that represent 
an individual advertised business or an 
advertising company (broker), or a DITV Service 
Provider (dealer), as well as the rules for these 
agents (step 4) are packaged on server side and 
sent to STB. Agents can be transferred using the 
respective mechanism provided by the adopted 
DITV platform or alternatively, can be 
preinstalled on the STB. 

6. Auction conduction: Auctions are executed on 
STB between agents (dealers and brokers). Upon 
receiving a specific signal from DITV server, a 
dealer invites the installed on the respective STB 
brokers to participate in an auction for the 
purpose of acquiring advertising time slots. 
Based on the preset auction rules, each broker 
decides about how much to bid for a particular 
spot. 

7. Auction final result: Upon the completion of 
auction, the dealer informs the brokers about the 
final price and the time slot assignments. Next, 
the advertising video clips of winners are 
prepared and displayed to the viewer. The video 
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may be reproduced using streaming from the 
DITV server, or from the local STB hard disk 
depending on the implementation choice. 

8. Data collection: Data collected as the result of 
the auction are periodically transferred to the 
main server so that rules being adapted and the 
advertised companies being charged for the 
services provided (ads shown). All these relative 
data are sent back using the available DITV 
communication channels. 

9. Feedback and Update: New set of rules and in 
some cases new agents (for newcomer advertised 
parties) are sent to the set-top-box. 

3.2. Technical Approach 

We first investigated existing “state of the art” 
personalization solutions that we took into account 
along with the requirement analysis, for proposing 
our alternative advertisement personalization 
mechanism. The latter is based on the software agent 
technology and uses the notion of distributed auctions 
[25]. The choice of the software agents for the 
conduction of auctions was made in order to avoid 
network overheads and achieve increased viewer 
personalization and privacy. E-Auctions for the 
advertisement airtime are executed in every user’s 
STB, separately, where each advertisement company 
uses the profile information of the current TV 
viewers to decide for which ad video the airtime 
should be bought, what the highest bid should be, etc.  

Regarding the system implementation, it has been 
decided to base the personalization on user’s 
demographic data only, and to use a variation of the 
manual decision rule system. There have been also 
made some assumptions concerning the duration of 
the advertisement videos and the number of the 
airtime owners. Finally, the “Repeated Vickery 
Auction” type has been used for the allocation of 
airtime. For the needs of implementation two 
functions were introduced. The inaccuracy factor 
function which measures the accuracy with which the 
targeted viewers where described and, the difference 
factor function which measures the difference 
between the particular user profile and the profile of 
the targeted viewers.  

As mentioned, the implemented prototype system 
consists of two agent types, the dealers and the 
brokers. Dealers represent the interests of airtime 
owners, while the brokers represent the interests of 
the advertisement companies and the companies 
which are being advertised. The prototype distributed 
system was implemented in Java programming 

language. Every agent (dealer or broker) can be 
customized using the appropriate parameter values 
stored in the respective databases. The 
communication of the software agents is based on 
Java’s RMI mechanism [22] which enables the 
communication not only when the software agent are 
on the same machine but also over the network. The 
agents communicate by exchanging standard 
messages. 

The choice of language was based on code’s 
portability; we can safely assume that the set-top-box 
device will be equipped with Java Virtual Machine 
(JVM). Main characteristic of our agents are: (i) they 
are all written using java programming language 
(homogeneous java agents), (ii) they react to periodic 
changes in their environment (reactive), (iii) they 
have the  ability to control their actions 
(autonomous),  (iv) they are pursuing a specific 
objective (goal-oriented), (v) they are in continuous 
execution state  (temporally continuous) and, (vi) 
they communicate through the exchange of 
standardized messages and collaborate to achieve 
their main goal (communicative / collaborative). As 
all agents ought to have at least three of above 
qualities (reactive, autonomous, goal-oriented) [21] 
based on the above description, our agents can be 
classified as communicative – collaborative java 
agents. Also these agents can be considered 
stationary as there is no need for them to change their 
location after deployment, also could be described as 
client-located as they are executed at the customer’s 
side and finally, if we consider the classification 
based on the structures of control then we are dealing 
with planning and problem solving agents as these 
agents try to develop a plan and follow it to achieve 
their primary objective [10].  

After the completion of the implementation, a 
number of operation tests have been conducted. 
These tests showed that the proposed distributed 
system has adequate behavior given the assumptions 
that has been made at the beginning of the 
development process. 
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4. System Design and Implementation 

For the sake of simplicity, we assume that on 
subscriber’s side there will be only one dealer that 
represents the airtime owner and N brokers that 
represent advertising companies in one-to-one 
relationship. We can easily expand the system to 
support the existence of many dealers.  The main 
objective of brokers is to serve as much of the 
advertising company's customers as possible. In other 
words, the broker participates in auction trying to buy 
as much advertising time as it can, in order to 
maximize the number of companies served. The 
decision of a broker to buy airtime will be made 
based on the information the agent has about people 
that are watching TV at a particular time. The dealer 
is responsible for conducting the auction and its main 
objective is to maximize airtime owner profit. 

There are four main auction types that could be 
used by the dealer [9]: the English Auction, the 
Dutch Auction, the Vickery Auction and, the First 
Price Seal Bid. The current implementation of the 
system uses Vickery auction where every participant 
makes an offer and wins the one that has made the 

highest bid, but the winner pays an amount equal to 
the highest loosing bid. The selection of Vickery 
auction has several advantages [13]. First, completion 
of the auction does not take long time in contrast to 
what happens in oral auctions (e.g. Dutch and 
English auction types). In addition, the Vickery 
auction favours the disclosure of the actual value of a 
product for the bidder, something that can be used by 
the auction organizer. It should be noted that the 
product for sale, namely the advertising airtime, is 
not unique and thus we are dealing with multi-unit, 
sequential Vickery auction, i.e. with a Vickery 
auction which is conducted repeatedly until the 
available advertising time is exhausted. 

 
 
 
 
 

Table 2: Introduced utility functions 
 

 (Viewer Properties) = { Α1,Α2,…,Αν } A set of viewer’s properties (e.g. {Sex, Income,…}) 
opertiesVieweropertiesMandatory PrPr ⊆  Mandatory Properties 

V(Aj)  }...,{)(, 21 jjjjj aaaAVj μ∈∀ value of property Aj for particular viewer 

V’(Aj)  }...,{)(', 21 jjjjj aaaAVj μ⊆∀ criteria given by specific advertised party for property 
Aj 

(Personal Data) = { V(Α1),V(Α2),…,Αν } A set of viewer’s personal data   (e.g. {Male, 3000,…}) 
(PersonalData)’= { V’(Α1),v’(Α2),…,V’(Αν )} A set of Advertised party’s targeted viewers’ properties 
PI = {1…|Viewer Properties |}  Ν⊆ Viewer properties indexes 
MI = {i | } opertiesMandatoryAi Pr∈ Mandatory properties indexes  

NM = PI – MI Non mandatory properties indexes 
P = (Viewer Properties – Mandatory Properties) Non mandatory properties  set 

 define wj, such as:  PXX ∈∀ , ∑
∈

=
NMj

jw 1
Weights for all non mandatory  properties (how 
important are they considered by advertise party) 

diff factor =     
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)(')(1 jjj AVAVd ∈⇔=  

)(')(0 jjj AVAVd ∉⇔=  

difference factor  

Measures the difference between a particular viewer’s 
profile and targeting profile specifications given by 
advertised party. Function range is [0,1]. It is 0 when 
there are no differences between given profile and 
specifications of target profile and 1 in case of absolute 
difference. The proof of this formula is not given for 
the sake of brevity. 

inaccuracy factor = ⎟⎟
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where         
)('1 iijij AVab ∈⇔=   

)('0 iijij AVab ∉⇔=     

inaccuracy factor 
Measures how detailed is the description given by 
advertised party, concerning target properties.  
Parties are encouraged to describe their target groups so 
that inaccuracy factor tends towards zero. 
Function range is (0,1]. It tends toward  0 in case of 
detailed description of the target group and  tends 
toward  1 in case of vague description. The proof of 
this formula is not given for the sake of brevity. 
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4.1. Agent Algorithms 

In this subsection, we provide the algorithms of software 
agents, namely, of the brokers and the dealers. The 
broker algorithm consists of two phases, the 
acquisition phase where the broker attempts to 
purchase as many time slots as possible, according to 
its budget and the rules provided, and the distribution 
phase where the actual ad video clip to time slot 
allocation takes place. The dealer algorithm is 
concerned with the coordination of brokers present in 
STB and the conduction of e-auction. 

 

4.1.1. Broker 
 
Regarding broker agent, we consider an algorithm 

under the assumption that the duration of all 
promotion videos are the same and known in 
advance. Thus we consider the following phases of 
broker execution. 

4.1.1.1. Phase 1: Acquisition 
 
The objective of phase 1 for the broker is to buy the 
advertising time slots, until it gets to the point that it 
can not allocate any new time slot for a promotional 
video. In table 2, some utility functions are provided 
needed for broker agent’s decision making process. 
In table 3, the basic input data for the buying 
algorithm are provided. 
 
Table 3: Input Data 
(PersonalData)’, wj  desirable properties of viewers 

with the weight for each non 
mandatory property 

PersonalData1, 
PersonalData2, 
PersonalData3 

current viewers’ profile  

Min Diff  minimum distance that must exist 
between the description given by 
the advertised company and the 
viewer, so that  ad could be 
considered to address this 
particular viewer 

a% 
 

The percentage of viewers of the 
specific television device that must 
meet the criteria of minimum 
distance 

 
Mi,   ni ≤

The maximum rate (per second per 
viewer) which the advertised 
company is ready to pay in order 
its video i to be played to 
appropriate public 

n Number of promotional videos 

 
In this phase, a broker based on the data given for 
each video clip, builds the structure of figure 2 which 
includes the ordered maximum rates (Mi), the 
negotiation price given by pointer “Top” and the 
“available space i” variable (ASi) that equals to (n-
i+1). ASi shows how many time slots can be bought 
at price p, when p is between prices Mi-1 and Mi. 
 
 
 
 
 
 
Figure 2: Visualization of internal queue structure of 
broker 
 
Thus, we have the following buying algorithm: 
 
Step1: Create a structure (as in  figure 1) 
Step2: Calculate diff factor for current viewers.   If 
diff factor > Min Diff for at least a% of viewers, then 
participate in auction (continue) else wait for the 
targeted audience 
Step3: Participate in the auction, having as maximum 
allowable purchase price, the price which is indicated 
by the pointer “Top” (see figure 1) 
Step4: if lost in auction - back to Step 2 
Step5: If purchased time slot at a price Μ’ where 

 for some i, then adjust the variable 
Available Space (AS), so that ASj = ASj-1 . 
And if,  then 
Top = k-1;  

1' +≤< ii MMM
ij ≤∀

})0|min{&0( ===∃ kk ASkkASk

Step 6: while Top> 0 and the auction is not 
terminated return to step3.  

As we observe from the above algorithm, the broker 
participates in auctions for a given ad break only if its 
videos’ targeting information matches with the given 
portion (a%) of current viewers’ profiles. The 
matching check takes place using the diff factor 
function. Next, the broker will try to buy as much air 
time is possible for the videos that their viewers’ 
targeting information matches with the current 
viewers’ profile. To this end, broker’s strategy is to 
bid at as high as possible price (here by using the 
“Top pointer” which points to Mn at the beginning), 
because of the Vickery auction broker is sure that it 
will not pay the amount it is bidding but an amount 
which is equal to the second highest bid. In case that 
a time slot was bought at a specific price, broker must 
reevaluate the situation given its budget in order to 
see if the same bidding price can be used in a second 

Max prices
inute/m

Av
Space

ailable
n n-1 n-2 2 1

M1 M2 M3 Mn-1 MnM1 M2 M3 Mn-1 MnMax prices
inute/m

n n-1 n-2 2 1
Av
Space

ailable AS1 AS2 AS3 ASn-1 ASn
Top=n
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round (namely, for another slot) or the highest bid 
must be changed (so the Top pointer must be 
recalculated).  

4.1.1.2. Phase 2: Distribution 
 
The objective of phase 2 is to assign bought 
advertising time slots to specific video clips. In table 
4, the basic input data for the distributing algorithm 
are provided. 
 
Table 4: Input Data (phase1 output data) 
Mi’ having 

, '
1

'
+≤ ii MM

prices at which the broker bought the 
time 

M Number of time slots bought  
Thus, we have the following distributing algorithm: 
Step1. We consider the sets P =  and R = 

  
Step2. We assign to the video with the maximum 
price P1 = max  the price R1= max 

  
Step3. We consider P = P - P1 and R = R - R1  
Step4. Repeat steps 2-3 until P = 0. 

}|{ ' miM i ≤
}|{ niM i ≤

}|{ niM i ≤
}|{ ' miM i ≤

 
As we observe from the above algorithm, the time 
slots that were bought at the highest prices are 
allocated to the video clips with the highest 
maximum prices. If two or more video clips have the 
same maximum price, the decision on which video 
clip the time slot will be allocated, is taken based on 
the value of the inaccuracy factor for these videos. 
Specifically, video clips with the lowest value of 
inaccuracy factor have higher priority and, finally 
they are charged at the lowest possible amount. The 
reason for inclusion of such a mechanism is to 
provide the companies involved with incentives to 
describe in great detail the properties of their targeted 
audience. 

4.1.2. Dealer 
 
The dealer is responsible for conducting the 

auction for the advertising time slots. Auctions are 
carried out before each ad break. The specific time of 
execution can be determined by a special signal 
which is sent to the dealer by the owner of 
advertising time in real-time or by a scheduled 
process.  Table 5 provides the input parameters for 
the dealer. 

 
Table 5: Input Data 

The break length 
Lowest possible price for each time slot 
Preferred auction type  

 
Thus, we have the following algorithm: 

Step1: register all brokers who are in the set-top-
box. 
Step2: Wait for commercial break signal  
Step3: On signal – begin repeating auction  
Step4: Assign slot to the best offer if there are no 
suitable offer reduce price  
Step5: the list with the videos to be played is sent 
by the dealer to the module responsible for 
playing the advertisements on set-top-box. 
Step6: keep auction results in log file. 
Step7: Send results to time owner  

 
The dealers’ algorithm can vary case by case, 
namely, the time owner can choose another auction 
type, if required. 

4.2. System Design 

In this section, we provide only a part of the UML 
diagrams developed during the system design phase, 
for the sake of brevity. The following UML diagram 
shows the key roles involved in the system and the 
basic tasks / activities performed by them [26]. 

Define Broker Strategy

Client_Server(Broker)
(from clientserv)

Monitor behaviour

Perform Auction

Viewer
(f rom clientserv)

Play Advertisements

Charge

Perform Targetin

Suplier

Advertisement 
Company

<<communicate>>

Server_Server(Dealer)
(from clientserv)

Define Dealer Strategy

Air Time Owner

<<communicate>>

Figure 3: Use Case UML diagram 
 
Detailed description of the roles depicted in figure 3, 
is given in the following table 6.  
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Table 6: Role description 
Role  Description  
Air Time Owner   Owner of airtime is the entity that 

has at its disposure television time 
and wants to sell it to third parties 
to display advertisements.  

Advertisement 
Company  

Advertising Company is an 
intermediary between the airtime 
owner and the supplier, who in 
cooperation with the supplier - 
produces promotional videos.  

Supplier  Manufacturer that produces 
products or services that must be 
advertised. 

Viewer  Viewer The viewer of digital 
interactive television  

Broker  Software agent responsible for 
buying time slots for television 
advertising on behalf of the 
advertising company, to which it 
belongs.  

Dealer  Software agent of the airtime 
owner that is responsible for selling 
advertising time  

 
In table 7, we describe the basic functionality 
operations performed by the involved roles. 
 
Table 7: System functionality 

Action  Description  
Monitor Behaviour  Collect viewer data, monitor viewer 

interaction, record the viewer 
presence.  

Perform Targeting  Selection of the target group for the 
specific video of a particular 
supplier. This action is performed by 
the Supplier in conjunction with the 
advertising company  

Define Broker 
Strategy  

Combining targeting information and 
viewer data to determine the final 
strategy to be followed by the 
Broker.  

Define Dealer 
Strategy  

Defining the elements necessary for 
selecting the strategy followed by the 
dealer. This action is performed by 
the airtime owner.  

Perform Auction  Conduct of the airtime slot auction 
(in the set-top-box device). The 
auction takes place between the 
dealer and a number of brokers.  

Play 
Advertisements  

The ads for which television time 
was bought.  

Charge  Charge of Supplier (for the 
advertising time slot bought)  

   
The system deployment is shown in the deploy-view 

UML diagram in figure 4. As we can see, brokers’ 
and dealers’ configuration is performed at DITV 
provider servers. The configuration data are sent via 
modem to users’ set-top boxes where dealers and 
brokers are executed. Data from both types of agents 
are sent back to DITV using the return channels. 
 

TeleVisi
on

Set-top-
Box

ModemServer Modem
Fiber, Coax, etc.

On The Set top 
Box  Brokers 
And the Dealer 
are executed

Broker and Dealer 
are configured on  
the Server and 
then are sent to 
the set top box

Some data from the 
activities of the 
dealers and brokers 
are sent back to the 
server

Modem Set-top-
Box

TeleVisi
on

Modem

 
Figure 4: Deploy-view UML diagram 
Hereafter, we examine at a greater detail the 
sequence of events that take place in STB devices of 
consumers during the course of an auction. The 
sequence of events is presented in the following 
UML sequence diagram (figure 5). Note, that beside 
of the two agents, the diagram depicts also a process 
named controller that can be part of the dealer, or it 
can be a separate entity running on the DITV server. 
The controller is responsible for starting the auction 
process.  
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 : 
C lie nt_ S e rve r(B ro ke r)

 :  Contro ller  : 
S e rve r_ S e rve r(D e a le r)

L o a d  B re a ks  In fo L o a d  Ta r ge tin g  In fo

regis ter(S tring: Nam e)

P e rfo rm  re g is tra tio n

S tart  A uc t ion

S end O ffer(break id,pric e)

As s e s  O ffe r

Reply

Inform  about res ult

Tim er

S tart  A uc t ion
Ge t R e a d y

C h o o s e  W i n n er

E nd A uc t ion

 
Figure 5: The sequence diagram 
 

The following class diagram shows the basic 
classes needed to implement the system. Details for 
these classes are not provided due to the paper space 
limitations.  

AgentMsg 
(from clientserv)

AgentResult
(from clientserv)

Controller
(from clientserv)

Obj -ClientInterface 

sndMsg()

(from clientserv)

SDataLoader 
(from clientserv)

Server_Server(Dealer)
(from clientserv)

InfoPool
(from clientserv)

Viewer
(from clientserv)

IntVector
(from clientserv)

xVect

ServerInterface

sndMsg(msg : AgentMsg) : AgentResult

(from clientserv)

Obj - auctionServer 

Constants 
(from clientserv)

TargetInfo
(from clientserv)

Client_Server(Broker)
(from clientserv)

pool

view

av

mx

 

 
Figure 6: Class diagram of the system  
 

Broker and Dealer communicate using special 
interfaces, the server interface and client interface. In 
these interfaces the “sndMsg” function is defined that 
allows communication between the two objects. The 
function “sndMsg” allows sending messages that 
have a specific format (objects of “AgentMsg” type) 
and receiving results that are sent using a special 
format (objects of “AgentResult” type). The use of 
interfaces allows any interested party to easily create 
its own implementation of a new dealer or broker 
object.     

ServerInterface

sndMsg(m sg : AgentMs g) : AgentResul t

(f rom clientserv )

Client_Server(Broker)
(from clientserv)

-obj ClientInterface

sndMsg(msg : AgentMsg) : AgentResult

(f rom clients erv )

obj

Server_Server(Dealer)
(from clientserv)

 
Figure 7: A closer view of Dealer and broker 
communication interface   
 

Regarding the agent communication, the following 
exchanging messages are defined and implemented 
(figure 8).  

 
 
  

  
 
 
 
 
 
Figure 8: The structure of messages exchanged between 
agents. 
 
 In figure 6, “type” is one of the predefined types of 
messages (e.g. REGISTER, START_AUCTION, 
etc.), the fields “from” and “to” include the 
identification of the sender and recipient, respectively 
(e.g. "Advertiser1", "Channel2"). The “Status” and 
“Description” fields are used for error management 
(e.g. ERROR_MSG, "Not enough Memory"), while 
the “reply” and “data” fields used for data transfer. 
 

4.3. Implementation Issues 

As a proof of concept, our system components were 
implemented in a PC-based lab environment, 

Type From To Data

Status Description Reply Data

Αgent Message 

gent ResultΑ
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emulating the agent-based auction operations, agent 
communications and server-STB data exchange. As 
our implementation is java-based, the system can be 
easily transferred to a JVM-based DITV platform. In 
other words, our system can be fully implemented in 
a real world operational environment which 
incorporates STBs of various vendors, DITV Servers 
and landline, satellite or other communication links.  
In order to illustrate the feasibility of this lab-to-real 
world transfer and provide an example, we will 
examine our system’s key processes one by one and 
will consider corresponding standards available for 
the DITV. Most issues concerning the digital 
television are addressed by the Digital Video 
Broadcasting (DVB) [28][29], which is a suite of 
internationally accepted open standards for digital 
television. DVB systems can distribute data using 
various channels including satellite (S), cable (C), 
terrestrial (T), wireless signals for handheld devices 
(H) and microwaves (M). DVB standards has also 
defined a number of return channels that work 
together with DVB(-S/C/T) to create bi-directional 
communication. Furthermore, DVB defines a java 
based middleware, called Multimedia Home Platform 
(MHP), for the development and execution of various 
vendor independent STB applications. These 
applications are called DVB-J or Xlets. Xlets 
resemble Java applets and can be broadcasted to 
STB’s using a object carousel mechanism, such as 
the one described by the DSM-CC (Digital Storage 
Media, Command and Control) standard.  
      
 Thus, taking into account the above, we consider 
how our system’s key processes can be transferred to 
a real world DITV environment. Specifically, we 
have the following processes: 

• Transfer of software agents from the server to the 
execution environment (STB): The MHP 
application (Xlet) transfer can be achieved by 
using a carousel mechanism. 

• Execution of agents: Agents can be executed on 
any Java runtime environment which is available 
at all MHP compliant STB’s. 

• Communication between agents in the same STB: 
it can be achieved by using DVB Extensions to 
the standard RMI API. As applications (Xlets) are 
completely isolated from each other, RMI is the 
best solution for communication between objects 
[28]. The transfer of our agents to a real platform 
is straight forward as our implementation itself 
uses the RMI mechanism. 

• Read/write data from/to STB: it can be achieved 
by using Java I/O, taking into consideration 
possible security constrains on the Xlets running 

on the STB. In order to overcome these constrains    
signed Xlets can be used. 

• Data transfer from STB to server: it can be 
achieved by using Java networking (java.net API) 
Morevoer, MHP defines some extensions that let 
applications to connect to a service provider, 
while in some cases the return channel API can 
be used [28]. 

• Update of configuration files of agents: it can be 
achieved by using MHP file transfer, e.g. via the 
DSM-CC carousel mechanism [28]. 

• Transfer and display of ad video clips: it can be 
achieved by using JMF (Java Media Framework) 
Extension for DITV described in MHP standard 
[28]. Video streaming can be achieved over the 
network or locally from the STB local file 
system. 

5. Operation Testing 

In this section, the operation testing of the system 
is presented in a PC-based lab environment. Before 
the auction execution, the following actions take 
place: 
1. Dealer database is updated concerning the 

commercial breaks data (table 8), such as break 
start up time, duration, and lowest sell price, and 
the TV viewers characteristics (table 9), such as 
age, gender, income and, interests. In the STB 
real-world environment, the commercial breaks 
data are periodically updated by the advertising 
airtime owner, while the TV viewers’ 
characteristics are updated by the STB 
depending on who is in front of the TV set. 

Table 8: Commercial break data 

 
Table 9: TV viewers characteristics 

 
2. Each broker’s database is updated with the 

targeting data of promotion video (table 10). 
This data is obtained from all the companies that 
want to be advertised, when they complete an 
appropriate form. Then the targeting data are 
sent to the STB of TV viewers. 
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Table 10: Targeting data of promotion video 

 

companies' “AD_1”, “AD_2”, “AD_3” and the time 
owner “Owner_A” (e.g. the provider of digital 
interactive TV). Hereafter, we present an auction 
scenario. First, we assume the targeting information 

of each company as in tables 11, 12, 13. As we can 
observe, each advertising company, represents a 
number of advertised parties, and for each such a 
party’s video clip, the respective targeting data values 
are provided. In these tables, there are also weights 
for each value representing the significance of the 
respective criterion in the decision making process. 
In the column “Diff”, the permitted maximum 
difference between the specified targeting 
information and the current viewer’s profile is 
described. In case of multiple viewers in front of the 
STB’s TV device, in column “%”, the percentage of 
TV viewers that must satisfy the targeting constraints 
is expressed. In column “Price”, the maximum 
amount of money to be paid for the respective ad 
video clip is defined. 
 

5.1.  Operation Scenarios 

We assume that there are three main advertising 
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Table 11: Advertising Company: “AD_1” 
Age Income Interests2

  Sex3Adverti-
sed Party 

Clip 
Value Weig. Value Weig. Value Weig. Value Weig. 

Price Diff. %4
 

Party_1 Trip 15-39 50% 200-
500 

30% S 20% M/F 0% P ≤ 60 
 

30% 50% 

Party_2 Car 20-39 10% 500-
… 

20% T 10% M 60% P ≤ 70 70% 50% 

Party_2 AAA 15-20 60% …-
200 

10% M 30% M/F 0% P ≤ 90 40% 50% 

Party_2 Media 15-39 10% …-
350 

10% M/T 10% F 70% P ≤ 15 10% 50% 

Party_3 Shampoo 15-… 10% …-
200 

50% M/S/T 0% M/F 40% P ≤ 40 10% 50% 

 
Table 12: Advertising Company: “AD_2” 

Age Income Interests Sex Adverti-
sed Party 

Clip 
Value Weig. Value Weig. Value Weig. Value Weig. 

Price Diff. % 

Party_4 e-school …-15 70% 200-
350 

30% M/S/T 0% M/F 0% P ≤ 65 
 

30% 50% 

Party_5 Whisky  20-… 65% 200-
… 

25% M 10% M/F 0% P ≤ 100 10% 50% 

Party_6 Soap 15-… 20% …-
200 

50% M/T/S 0% F 30% P ≤ 45 50% 50% 

Party_7 Cola 10-… 70% … 0% M/S 30% M/F 30% P ≤ 110 80% 50% 

Party_8 Motor 
bike  

20-… 20% 750-
… 

60% S 20% M -1 P ≤ 100 50% 50% 

 
Table 13: Advertising Company: “AD_3” 

Age Income Interests Sex Adverti-
sed Party 

Clip 
Value Weig. Value Weig. Value Weig. Value Weig. 

Price Diff. % 

Party_9 Extra 
Cola 

10-… 100% … 0% M/S/T 0% M/F 0% P 75 ≤
 

0% 50% 

Party_10 Handy 
man  

15-39 90% …-
350 

-1 S/M 10% M -1 P 40 ≤ 10% 50% 

Party_11 Pad 20-39 100% … 0% S/M/T 0% F -1 P 64 ≤ 30% 50% 

Party_12 Perfume 15-39 20% …-
350 

30% S/M 10% M 40% P 55 ≤ 80% 50% 

Party_13 Banking 15-39 20% …-
350 

30% S/M 10% M 40% P 40 ≤ 80% 50% 

 

                                                           
2 Μ: Music, S: Sport, T: Theatre. 
3 M: Male, F: Female. 
4 The percentage of TV viewers that must satisfy the targeting constraints 
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We assume that all the promotion video clips last 
10 time units and the data for advertising time are as 
in table 14.  
 
Table 14: Advertising time data 

No Duration Price Start Time 
1 40 30 10:00 
2 40 40 12:00 
3 20 20 14:00 
It is noteworthy that if the airtime owner cannot 

sell a particular time slot, it lowers the slot price by 
10 monetary units (m.u.) in each round. If the slot is 
not sold even though at 10 m.u. then the auction is 
terminated.  

 
In table 15, we assume the data for the viewers 

that concern their age, income, interests and sex. 
 
Table 15: TV Viewers data 

No Age Income Interests Sex 
1 20-39 350-500 Sport / Theatre  Male 

 
Based on these data, we have the following auction in 
progress as presented in figure 9 and 10. The 
horizontal axis shows the time slot while the vertical 
axis shows the cost. The auction in progress shows 
the company bids per time slot. 
 

Ad Break 1

0
10
20
30
40
50
60
70
80
90

100
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120
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Slot

$

Ad Company 1
Ad Company 2
Ad Company 3

 
Figure 9: The progress of the first break 
 

Ad Break 2

0

50

100

1 2 3 4

Slot

$

Ad Company 1

Ad Company 2
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Figure 10: The progress of the second break 
 
In figures 11 and 12, the advertised products and the 
corresponding time slot costs per break during the 
auction execution are presented. The horizontal axis 
shows the time slot while the vertical axis shows the 
cost. 
 

 

Time Slot Purchasing - Break 1

1 Car

3 Extra 
Cola

2 Whiskey 
2 Cola

0
10
20
30
40
50
60
70
80
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Figure 11: Products Advertised and the 
corresponding costs in the first break 
 

Time Slot Purchasing - Break 2

1 Trip 3 Perfume 
3 Banking

0
10
20
30
40
50

1 2 3 Purchases

 
Figure 12: Products Advertised and the 
corresponding costs in the second break 
 

Next, in order to depict another operation testing 
scenario of our system, we provide another test 
dataset of TV viewers (Table 16) 
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Table 16: Advertising time data of the second 
scenario 

 
Based on these data, we have the following auction in 
progress as presented in figures 13, 14 and 15.  The 
horizontal axis shows the time slot while the vertical 
axis shows the cost. The auction in progress shows 
the company bids per time slot. 
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Figure 13: The progress of the first break 
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Figure14: The progress of the second break 
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Figure 15: The progress of the third break 
 
In figures 16, 17 and 18, the advertised products and 
the corresponding time slot costs per break during the 
auction execution are presented. The horizontal axis 
shows the time slot while the vertical axis shows the 
cost. 
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Figure 16: Products Advertised and the 
corresponding costs in the first break 
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Figure 17: Products Advertised and the 
corresponding costs in the second break 
 

No Age Income Interests Sex 
1 20-39 350-500 Sports/Theatre  Male 
2 20-39 350-500 Theatre Female 
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Time Slot Purchasing- Break 3

1 Soap

3 Media
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Figure 18: Products Advertised and the 
corresponding costs in the third break 
 

The operation testing seems to confirm the 
assumptions made for the increase of benefit for all 
the involved in the process parties, as well as the 
greater accuracy regarding the audience selection. 
We have to note that there was a downward trend in 
prices of advertising time throughout the auction 
duration. This happened due to the nature of the 
selected auction type (the repeated auction) and is 
referred to as «declining price anomaly» in auction 
theory [9]. If this downward trend is considered as a 
problem then the auction organizer can select an 
alternative auction type, such non-combinatorial or 
combinatorial simultaneous. Another important 
observation is that the amounts paid by the advertised 
companies are mostly quite lower than the values of 
the worst-case scenarios for those companies. For 
example, in the first execution, while “Cola” was 
prepared to pay 110 monetary units, finally it paid 75 
m.u.. 

6. Evaluation 

6.1. Evaluation Model 

The ultimate goal of our system is to create a win-
to-win situation for all key players. To show that this 
objective can be achieved, we compare the traditional 
way of advertising (e.g. in public TV) with the 
proposed one, which is based on personalization, 
software agent technology and auctions. Specifically, 
the comparison will be done by examining three key 
factors: (a) Return of Investment (ROI) for advertised 
party, (b) profits of the airtime owner and (c) the 
quality of television program as perceived by the 
viewer/subscriber. 

6.1.1 First Factor 
 
Let’s consider an advertising break which 

contains only one promotion video and an advertised 
party (A) who pays the amount of N monetary units 
to the airtime owner to play his promotion video, 
which is addressed to a specific target group of 
people (total number of which is κ). In the traditional 
system, A will choose a time zone T for his 
promotion video and the selected zone will be based 
on the audience which A wants to address. If we 
assume that the entire audience in the time zone T 
consists of τ viewers, then in the traditional system A  
pays an amount c = N / τ per viewer. But as (τ-κ) 
viewers are not in group of interest, we have a capital 
loss (τ-κ) * c - Π1, where Π1 is the money spent on 
viewers that while were not in the interest group κ, 
nevertheless were attracted by the advertising. 

Furthermore, since at the given time of video 
clip transmission, only a proportion (say α) of τ 
viewers will be in front of their receivers - the useful 
part of spent capital will be α * κ * c + Π1. It is 
noteworthy that in the above case A’s payment is 
based on an estimate of the audience that will watch 
the promotion video (pre-evaluation), and has no 
accurate picture of the actual coverage. 

In the proposed system, the advertised party has a 
clear picture regarding the number of viewers who 
have watched the promotional video, so, if he/she 
agrees to pay the amount c per viewer, then in best 
case scenario (full coverage) he will pay an amount c 
* κ. Thus, in this case we have no capital loss and the 
advertiser pays for the exact number of videos played 
(post-evaluation). Please note here that the advertiser 
is likely to agree to pay up to the amount c '= N / κ, 
(c'> c) for each viewer, because in this case again he 
spends the amount of N, and gets to cover the target 
group.  

Thus, it is reasonable to assume that the 
advertised party will prefer a post-evaluation 
approach in this case because he/she knows exactly 
what services he/she pays for. Note that in 
comparison to simple personalization systems (with 
no auction involved), in our case we have the 
advantage that the commercial breaks in a specific 
device are given to those for whom it has greatest 
value (property of an auction). So, equitable 
distribution of advertising time is achieved with 
procedures that are completely transparent. On the 
contrary, if we are dealing with a simple mechanism 
for personalization - while we may know which 
videos are suitable - it is difficult to decide fairly 
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which specific video from all suitable finally to 
display.  

 
Figure 19 depicts the above described evaluation 

approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: The paid amounts per case 
 

6.1.2  Second Factor 

Let us now consider the above example from the 
perspective of the airtime owner (B). In case of the 
traditional system (public TV), B will broadcast in 
the ad break the video of A, and for doing so will get 
the amount N. In the proposed system, the video of A 
will be played only to the κ viewers who match the 
profile, B will charge the maximum possible amount 
- as a selection of videos will done using the auction 
with minimum selling price  C = N / τ. Thus, B can 
obtain, in the best case, the amount N only for 
playing (C '*κ) and, at worst case, will obtain the 
amount κ’ (κ’ κ). But in any case, B has 
remaining time slots for other (τ-κ) videos. 

⋅C ≤

  
Generally, B will have Profit =∑ , where Ni is 

the amount that Β gets for showing a video to group 
i, which consists of Pi people ( τ).  

Thus, Ni = Ci * Pi, where Ci is the price per viewer 
in group i, and Ci C. It follows that Ni  C* Pi and 
thus Profit = = = τ. Because of 

the auction mechanism used, the Ni is the maximum 
for each group i and, eventually Profit Ν. 
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Figure 20 depicts the above described evaluation 

approach. 
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Figure 20: The paid amounts per case 
 

From the above, we conclude that in comparison to 
the methods used in conventional television, and  
even in comparison to  simple  personalization 
techniques (without auction), the owner of 
advertising time is able to obtain  higher gains (by 
using auction) and reveal additional information 
about the real value of the advertising time for his 
clients. 

6.1.3  Third Factor 

From the viewer perspective, the experience of 
watching television is significantly improved. Our 
viewer is exposed to fewer ads and now isn’t forced 
to watch ads that do not interest him. Additionally, 
ads are shown to the consumer are more likely to be 
considered likable and more effective as advertisers 
will be able to produce more creative ads that will 
target some specific groups. So, there are strong 
indications for a high probability of reaching at a 
win-to-win situation for all key players.  

6.2 Evaluating the Behavioral Trends of Key Players 

Ideally, our system and operation model with the 
respective algorithms should be evaluated in a real 
word running environment. However, this requires 
the availability of a respective DITV platform for the 
installation of our software agents, along with market 
research data for viewers’ preferences and 
demographics, as well as the respective data from the 
participating in e-auctions advertised parties. The 
gathering of such information which could help us to 
run a number of simulation scenarios is not for the 
time being available.  

However, in order to evaluate our approach, we 
first developed a convincing economic model – as 
can be seen above - which proves that all the 
involved parties benefit, and thus we expect the high 
applicability of our system, and second we conducted 
a survey to examine the expected behavior of the 

κ

Price per viewer

Loss

κ

Π1

Number of 
viewers
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three main roles of our operation model in the context 
of personalized advertising via e-auctions. The 
behavioural trends of the key players (airtime owner, 
advertised party, TV viewer) that express their 
instinct and expertise on the subject, provide us with 
important information about real advertisement needs 
and technological expectations, something which 
tells us about the viability of the proposed system. 

Specifically, this evaluation was conducted by 
gathering the respective data via the fulfilment of 
three questionnaires from a number of experts 
(approx. 20). The main goal of these questionnaires is 
the in depth understanding of the behavioural trends 
and expectations of the main involved parties in 
personalized advertising. The experts were asked to 
answer a number of questions per role category, 
considering the comparison of two main scenarios. 
The first scenario is referred as the current status, 
where TV shows are interrupted by general ads, the 
airtime prices come from research (such as from 
AGB in Greece) and are based on time zones and the 
estimation of targeted viewers watching at a 
particular time. The second scenario deals with the 
fact that the airtime owner has a possibility to know 
exactly which households have seen the ad video that 
are selected to match with viewer’s interests, while 
the price of each video airtime is determined via e-
auction per viewer (or TV set). In this scenario, the 
possibility of interactivity in TV programs and ads 
was also considered. 

 
In table 17, the main questions per role are 

presented. 
 
Table 17: The main issues of the Questionnaire 

Role S/N Question 
Airtime 
Owner 

AO.1 How unsatisfied are you regarding the 
current situation in TV advertising? 

Airtime 
Owner 

AO.2 How much do you expect to gain from 
using auction mechanism for ads airtime 
selling? 

Airtime 
Owner 

AO.3 How much are you willing to invest in a 
personalized advertising e-auction 
platform? 

Airtime 
Owner 

AO.4 Do you believe that the number of TV ad 
viewers will increase due to personalized 
ads? 

Airtime 
Owner 

AO.5 How much do you believe that the 
number of your customers (advertised 
parties) will increase due to 
personalization? 

Airtime 
Owner 

AO.6 How convinced are you that you will have 
collateral benefits in the second scenario, 
e.g. from selling new services that will 

use the deployed personalized ad 
platform? 

Advertised 
Party 

AP.1 How unsatisfied are you with the 
effectiveness of the current TV 
advertising? 

Advertised 
Party 

AP.2 How inefficient is your way of ROI 
calculation regarding advertising 
investments? 

Advertised 
Party 

AP.3 In the second scenario, are you willing to 
pay the same amount for your ad video 
clip as you were paying in first scenario, 
taking into consideration that the video 
will be shown only to people within the 
target group and the information 
concerning who had watched the ad will 
be available to you? 

Advertised 
Party 

AP.4 How important to you is the knowledge 
concerning which viewers had watched 
the ad? 

Advertised 
Party 

AP.5 How much do you believe that you will 
gain if you buy the airtime via e-auction? 

Advertised 
Party 

AP.6 Do you expect that the use of a 
personalized advertising system will 
affect the effectiveness of you ads and the 
interest for them? 

TV viewer TV.1 How pleasant are the TV ads for you? 
TV viewer TV.2 How influenced are you from TV ads? 
TV viewer TV.3 How interesting do you believe that 

personalized ads will be for you? 
TV viewer TV.4 How interested are you in interactive and 

creative TV ads? 
TV viewer TV.5 How much interest do you have on being 

informed on special opportunities via TV 
ads? 

 
Hereafter, we summarise the results of our 

research through a number of figures. As far as the 
airtime owner is concerned, we can observe in figure 
21, that its behavioral trend is positive for the most of 
issues in the respective questions, especially for those 
concerning the expected gains from personalization 
of ads (AO.5) and the selling of airtime via e-
auctions (AO.2). In addition, it is still positive but 
less than in the previous cases to invest money 
(AO.3), and to its expectations regarding viewers’ 
number increase (AO.4) and collateral benefits 
(AO.6). The only exception is the trend of the first 
question (AO.1) which shows that airtime owners are 
still -even slightly- happy with the current situation 
concerning advertising. 
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Figure 21: Airtime Owner’s Behavioral Trends 
 

As far as the advertised party is concerned, we 
can observe in figure 22 that its behavioral trend is 
mainly positive for its willingness to pay for 
personalization (AP.3), as well as its expectations 
regarding the exploitation of viewer’s profile data 
(AP.4) and the effectiveness of personalized 
advertisement (AP.6). On the other hand, advertised 
party expect slight improvement in ROI calculation 
by introducing personalized advertising (AP.2) and,  
it does not expect essential benefits from an e-auction 
procedure (AP.5). Regarding the current situation, it 
is still happy almost equally to the airtime owner 
(AP.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Advertised Party’s Behavioral Trends 
 

As far as TV viewer is concerned, we can 
observe in figure 23 that its behavioral trends are all 
positive. But, it is slightly positive regarding the 
current situation (TV.1), even though it is still 
enough influenced by TV advertising (TV.2). On the 
other hand, it is very positive regarding 
personalization (TV.3), interactivity (TV.4) and 
special opportunities (TV.5). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: TV Viewer’s Behavioral Trends  
 

The fact that the airtime owners and advertised 
parties are still satisfied with the current advertising 
system means that they have benefits. But, they are 
not too satisfied, as the TV viewer has a declining 
trend on being interested in TV advertising. This can 
be easily understood from the fact that TV viewer is 
not so satisfied with the current situation (see figure 
20), as well as from other surveys on the subject [27]. 

According to our survey, it becomes obvious that 
our assumptions on the evaluation model are valid 
mainly regarding the behavior of key players. 

7. Related Work 

There are number of research projects and already 
functioning businesses that can be considered closely 
related to our work. One example is the European 
IST project iMedia [11][12] which was aiming to 
create technology framework that would support 
suppliers, advertisers and consumers in the TV 
advertising sector. iMedia dealt with broadcasting ad 
videos, monitoring viewer behaviour in order to 
measure the efficiency of the advertisements and 
offered personalized information through a TV set-
top devices.  

Furthermore, an example of already functioning 
business which involves companies, developers, 
broadcasters and advertisers in digital interactive 
television and t-commerce is the icueTV which 
supports interactive applications, innovative suite of 
business and management tools [19]. Some of the 
provided services include voting, polling, click to 
email, lead generation, RFI (request for information) 
fulfilment, data aggregation and analysis, reporting, 
video and audio downloads and direct product 
purchases.  
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In addition, leading cable operators in USA, have 
come together to create a new company, Canoe 
Ventures [20]. This joint venture is aggregating the 
collective capabilities of their digital infrastructure 
and collaborating with industry leaders in technology, 
research, programming and more to re-energize TV 
by introducing interactivity and “TV intelligence”.  

There are a plethora of studies concerning web 
personalisation techniques using profile or group 
based personalisation, behaviour analysis, 
collaboration based personalisation, etc. Some 
approaches introduce the use of software agents to 
cope with current important issues. One example is 
the use of software agents on publisher’s site which 
concentrate on specific tasks like user monitoring, 
web content and usage mining, etc. as proposed in 
[16]. Another alternative to strict demographic data 
usages or use of information gained directly from the 
user, is incorporated in AdROSA system which is 
based on web usage and content mining techniques 
[15]. 

8. Open Issues and Future Work 

In this paper, we presented an efficient system for 
promotion of personalized advertising. Details in 
system analysis and implementation were provided, 
while operation tests and evaluation results proved 
the high applicability of the proposed approach. Of 
course, further system improvements, supplementary 
developments, and exploitation in a real business 
environment must take place. 

Specifically, our future work includes among 
others to run the operation scenarios with advertising 
time slots of different length. In this case, we have to 
make the appropriate changes to the broker’s 
algorithms. Furthermore, as we assumed one 
advertising time owner per set-top-box, appropriate 
algorithmic amendments must be done in case of 
more than one time owners. In addition, as the 
implemented system uses only the demographics of 
consumers for personalization, we can expand it in 
order to take into account the usage-data, as well, 
improving that way further the personalization 
process. Of course, in this context, an important issue 
is the protection of privacy and of personal data of 
consumers. The privacy of consumers could be 
achieved by the retention of most personal data in the 
set-top-box device. Security mechanisms must be 
developed in order to keep away undesirable leakage 
of consumer habits. 

Last but not least, our future work includes the 
investigation of possibility to transform our approach 
to a web driven advertising environment. Towards 
this direction, we have to discriminate between two 
different approaches on the subject. Specifically, the 
first one concerns web functionality in a TV 
environment, such as the DITV [14] while the other 
one TV broadcasting and programs within a Web 
environment [31]. However, these approaches seem 
to converge. Independently on which approach will 
become the dominant, a number of trends will be 
common in both cases, such as open interfaces to 
support any third party set-top box application, 
scalability, manageability portals, mobility services. 
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