A New Tool for Personalized Advertising in Shopping Malls: A Smart
Billboard System

Abstract Along with the differences in customer preferences, a strong competition has emerged among
the companies. Marketing managers have begun to design their marketing plans according to the target
markets' needs and expectations. At this point, value-oriented marketing activities have become even
more important. Personalized marketing is one of the most effective way of creating value to consumers.
It is one of the best ways to establish relationships with target markets. Personalized marketing aims at
delivering individualized messages to customers. By this means, personalized marketing activities attract
more consumer attention relatively. It is a fact that it can also have positive impacts on the sales of the
business. In this paper, a conceptual framework on personalized advertising is proposed. In this context, a
hypothetical smart billboard system is designed at a shopping mall's entrance. The camera mounted sys-
tem detects the car license plates via an image segmentation-based approach, which is composed of color
space conversion, noise removal, edge analysis, geometric correction and connected component analysis.
For license plate recognition, a 3-step image processing method, which comprises morphological dilation,
character cropping and template matching is applied. A database is associating the detected license plates
with the customers. When any match is found, the screen shows relevant advertisement to the customer.
The study's major contribution is to propose a smart billboard system for shopping malls that presents

personalized advertisements to customers based on their previous shopping experiences.
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tionships with the target markets. Personalized

Along with. the diversity in consumer prefer- . . oo .
J y P marketing efforts aim to present individualized

ences, fierce competition has arisen among the ) )
offerings to consumers. Therefore, this new strat-

businesses:. Decision-makers in the businesses i i i
egy is started to attract the attention of businesses

have begun to revise their marketing strategies . - .
in recent years. By utilizing personalized market-

according to the wants and the needs of the target . . ) .
ing, it can be easy to satisfy the unique needs of

markets. To  be  successful, especially
the consumers more accurately.

value-focused marketing strategies have gained . . .
As in the marketing mix elements such as

importance. . . .
product, price, and place also in the promotional

Personalized marketing is one of the best A . T
activities of the businesses, personalization is

ways of creating value for consumers. Basically, it



started to be a new marketing responsibility for the
businesses [22]. Personalized advertisements have
many advantages both for businesses and con-
sumers. First, it will be easier to bring together the
businesses and the right customers. Thereby, the
right advertisements will be shown to the right
consumers. Thus, the effectiveness of the adver-
tisements can increase. Besides, personalized ad-
vertisements help businesses to reduce their adver-
tising costs. Furthermore, consumers can find in-
formation about the products and services that can
satisfy their needs. Matching the advertisements
with the correct consumers can remove the dis-
turbing effects of them. The results of the studies
show that consumers were found to be satisfied
with personalized advertisements [12].

Billboards are quite important tools in outdoor
advertising. Taylor et. al. [3] stated that “name
identification, location of the billboard, readability,
clarity of the message, use as a tool of-integrated
(IMC),

visuals, clever creative, and information provision”

marketing communications powerful
are among the elements«of successful billboard
advertising. There are many advantages of using
billboards in terms of businesses. Advertisements
can be seen by many people at any time of the day.
They are-visually striking, relatively easy to create
brand awareness compared to other media tools
and can be preferred due to low production cost.
The main disadvantages of billboard advertise-
ments include the word limit, limited advertising
time and perceiving the advertisements uncon-
sciously [3, 15]. As a result, billboard ads are
found to be more effective than other media tools

in some ways such as reaching new customers,

sending messages at low cost to the target market
and thereby increasing the sales of the business
[3].

Over the years, there have been many changes
in the promotion activities of the businesses.
However, the importance of billboards has not
changed in time. Along with the technological de-
velopments, in the following periods; the effi-
ciency of billboards has been inecreased.more. To-
day, evolving technology allowspeople to interact
directly with the billboards.. Interactive Wireless
Electronic Billboards are developed based on
technology and these billboards make advertise-
ments more noticeable by consumers [10].

In ‘this paper, a conceptual framework that
enables the personalization of advertisements is
proposed. To do that, a hypothetical smart bill-
board-system is set up at the entrance of a shop-
ping mall. The camera mounted system recognizes
the license plates of the cars via image processing
techniques. The detected license plates with the
customers are associated with a database. Once
any match is found, related advertisements are
shown to the customer on the screen. The major
contribution of the study is proposing a smart
billboard system that presents personal advertise-
ments to customers according to their previous
shopping experiences. The system recognizes the
customers from their car’s license plates. In this
respect, the system can be regarded as novel
among the other smart advertisement systems,
which are typically based on the identification of
personal profiles such as gender, age interval and
physical appearance. The other advantage of the

system is the simplicity and low-cost design. The



system can operate with a mid-price camera to
capture the image features, perform the image
processing operations and database query retrieval
with open-source software platforms easily, and
use a simple LCD to show the advertisements.

The rest of the paper is organized as follows:
Section 2 focuses on the related works about the
interactive billboard systems as well as the corre-
sponding methods used. In Section 3, a survey that
is conducted to determine the consumer needs, and
its results are exhibited. Section 4 presents the
proposed conceptual framework based on license
plate recognition. Section 5 demonstrates the re-
sults of the study and its implications. Finally, the
conclusions and recommendations are provided in

Section 6.

2. Related Works

Along with the expansion of personalized ad-
vertisements, there have been various-attempts to
develop smart advertisement billboards. There are
wide advertising opportunities-at shopping centers,
roadsides, overpasses, and. parking-lots. In shop-
ping centers, kiosks or ad panels are widely used
as marketing tools [8]. On the.other hand, roadside,
overpass, and.parking garage advertisements are
strategically located in heavily trafficked vicinities
[6,9]. Some examples of those advertisements are
illustrated in Figure 1. Although this type of ad-
vertising Is attractive and effective, a vast amount

of them lacks personalized messages.

: L
Fig. 1. Examples of various types of advertisements
[6,8,9]
With the rapid development of the public

transportation system, vehicle identification sys-
tems have become more and more popular in out-
door advertising. However, there are only a few
examples focused on’ personalized advertisement
systems that target cars and their individual mo-
torists. According to an article published in
McClatchy, it is stated that “smart digital bill-

boards will detect the make, model and year of

oncoming vehicles and project ads tailored to the

motorist.” [23]. An example of targeted highway
ad, conducted by a technology company (Synaps
Labs), is encountered in Moscow. A roadside bill-
board captures images of cars via high-speed
cameras. Then, a machine-learning algorithm re-
cognizes the make and model of the cars. After-
ward, as the car passes, a bidding system selects
the appropriate ad to be shown on the billboard
[20]. In a different study conducted in Japan, a
smart billboard system aims to identify the make
and the model of vehicles and displays a targeted
advertisement. It is also stated that pilot tests are
quite promising, which yield %94 accuracy [15].
Two new projects are initiated in the UK and Ja-
pan that provide real-time car recognition. The

diaital billboards at the exit of a traffic circle near



a shopping center identify individual car types
from their license plates and present advertise-
ments to drivers or passengers [1]. In a different
project named “DeepAd”, it is planned to detect
and identify cars by an innovative digital billboard
system. The project employs recognition, identifi-
cation, and control through machine learning and
deep learning to turn big data into smart data. The
preliminary tests showed that 94% accuracy was
provided to detect and identify the cars [7]. A giant
digital billboard in London’s Piccadilly Circus is
initiated to track cars to target ads. The cameras
behind the screen track the make, model, and color
of passing cars to deliver targeted advertisements.
It is also possible to show specific ads when a cer-
tain model of car passes the screen [16].

There are some other studies conducting on
the smart billboards that serve other purposes. For
example, a smart billboard is designed for moni-
toring urban areas and displaying real-time infor-
mation related with the air quality [24]. An inno-
vative digital billboard counts the number of
people that are watching their advertisements [25].
A different smart advertising system recognizes
gender and age to produce more relevant ads to the
target customers [26]. In a more recent study, a
smart advertisement display is proposed based on
age and gender using Convolutional Neural Net-
works (CNNs). This effort aims to customize ad-
vertisements to the targeted groups [27].

\ehicle identification can be performed in var-
jous ways such as vehicle model/manufacturer
recognition and traffic management. Except for
those, all vehicles must have a license number,

which can be used as a unique identifier. Auto-

mated License Plate Recognition (LPR) is a
3-stage process, used in digital image processing.
These stages are (i) license plate detection, (ii)
character segmentation and (iii) optical character
recognition (OCR) [4]. License plate detection
aims to localize the license plate within the input
image. On the other hand, character segmentation
partitions each character in the license plate. In the
OCR stage, the recognition of‘'segmented charac-
ters is performed by using various pattern analysis
techniques. Most of the efforts seen in the litera-
ture are based .on Dbinary / gray-level image
processing algorithms, image classifiers, or pattern
matching. techniques. In a study, real-time auto-
matic” license. plate recognition is performed for
CCTYV forensic applications. In the pre-processing
step,-background learning, median filtering, and
morphological operations are employed. The loca-
lization step is performed through a histogram of
oriented gradients feature extraction method and
nearest mean classifier. In tracking an approach
based on Lucas Kanade’s algorithm is utilized.
Finally, the recognition step is carried out by em-
ploying nearest neighbor classifier learning and
character segmentation using MBR on binary
maps [18]. In a more recent study, vehicle license
plate recognition is performed by a method based
on character-specific extremal regions and an of-
fline trained pattern classifier of hybrid discrimin-
ative restricted Boltzmann machines [2]. Further,
an Automatic Plate Number Recognizer (APNR)
based on neural networks and genetic algorithms
is proposed. A genetic algorithm is used to esti-
mate the optimal number of hidden neurons, mo-

mentum rate, and learning rate. APNR is com-



posed of several image processing functions such
as grayscale conversion, top-hat transformation,
binary morphological operations, thresholding,
binary image projection, and segmentation [11]. In
a different study, multiwavelet transformation is
employed to detect license plates. The paper fo-
cuses on the localization phase of automatic num-
ber plate recognition by proposing a new concept
called “multiwavelet”. The study also resolves
tilted number plates by performing a skew correc-
tion algorithm [13]. A novel cascaded approach is
proposed to recognize license plates. The method
includes a set of operations such as plate localiza-
tion based on a series of classifiers, character
segmentation, and character recognition. State
identification and confidence assignment steps are
also employed in the proposed framework [21]. In
a different license number plate recognition sys-

tem, entropy-based features selection approach

with a support vector machine (SVM).is:presented.

The proposed architecture is composed of several
steps such as the selection of .color space channel,
binary segmentation of selected channel, the fu-
sion of Histogram of oriented. gradients (HoG),
and geometric features. and.Classification using
SVM [14]. A‘Deep Convolutional Neural Network
(DCNN)-for-license plate recognition is proposed
in a different study. The proposed system consists
of a combination of layers for checking the exis-
tence of a license plate and for recognizing digits
and characters [5]. In a more recent study, an ef-
fective license plate detection system is presented.
To do that many AdaBoost cascades with three
levels pre-processing local binary pattern classifi-

ers (3L-LBPs) are employed. The proposed ap-

proach resolves many difficult cases such as dusk,
dirt, low/high contrast, fog, and distortion [17]. In
our proposed method, as a first step, we employ a
license plate detection technique based on a se-
quence of image processing operations such as
analysis of vertical and horizontal edges, probable
plate determination, and connected Ccomponent
analysis. In the license recognition phase, seg-
mentation of the digits and letters using image
morphology is employed- first.“Then, a correla-
tion-based image matching approach is performed.
The details of the-license plate recognition system

are presented.in Section 4.

3. ASurvey.on the Determination of Con-
sumers Needs

In.the study, before proposing the smart bill-
board- for shopping malls, system need analysis
was realized. In this concept, a shopping mall ser-
vice expectation questionnaire was conducted. The
findings of the study showed that consumers
would be pleased with the existence of a system
offering personalized campaigns and advertising
messages at the entrance of a shopping mall. This
finding suggests that the smart billboard to be de-
veloped for shopping malls will be functional for

both businesses and consumers.

3.1 Methodology

In the study, a questionnaire was used to re-
veal the expectations of consumers from a shop-
ping mall. Questionnaires were distributed and
collected from January 4, 2020, to March 5, 2020,
in Ankara, Turkey. Face to face survey was con-

ducted. The questionnaire was given to 100 people



who prefer shopping malls frequently using a
random sampling strategy. In the study, 100 usable
and valid questionnaires were obtained, which can
be suitable for marginally accepted accuracy [28].

The questionnaire consists of two parts. In the
first part, there are 5-point Likert Scale questions
created to determine the level of participation of
consumers regarding various statements. In the
second part of the questionnaire, there is an
open-ended question created to learn consumers'
thoughts about the billboards at the entrance and
parking areas of shopping malls.

3.2 Research Findings

In the first part of the questionnaire, the par-
ticipants were asked to evaluate and answer four
statements presented to them. According to the
answers given in the first part of the questionnaire,
the following findings were obtained:

As shown in Figure 2, while 45%of the res-
pondents argued that a shopping mall should make
the consumer feel special, 26% said that they dis-
agree with this statement,

B 5trongly Disagree
H Disagree

E Undecided

W Agree

B Strongly Agree

Fig. 2. Statistics related with the question of “I want the mall

to make me feel special”

54% of the respondents stated that they would
like to have a system in the shopping mall that re-

cognizes consumers from their license plates and

offers personalized advertisements and campaigns.
However, 13% of the respondents answered this

question as undecided (Figure 3).

B 5trongly Disagree
B Disagree

8 Undecided

B Agree

® 5trongly Agree

Fig. 3. Statistics related with-the guestion of I would like to
have a system in the shopping mall that recognizes me from
my vehicle license plate and offers me personalized ads and

campaigns”

According to the another finding of the survey,
29% of the respondents stated that they could
share their license plates with the store where they
shop to“benefit from a system offering persona-
lized advertisements and campaigns. Moreover,
while 7% of the respondents answered this ques-
tion as strongly agree, 17% answered as strongly
disagree. (Figure 4)

B 5trongly Disagree
M Disagree

B Undecided

H Agree

W 5trongly Agree

Fig. 4. Statistics related with the question of “In order to
benefit from a system that offers personalized advertise-
ments and campaigns for me, | can share my license plate

with the store where | shop”

37% of the respondents stated that they would
prefer the shopping malls where they use a system

that nraviidac tham narcanalizad adviarticamante



and campaigns, while 10% answered this state-
ment as strongly disagree (Figure 5).

B Strongly Disagree

M Disagree
Undecided

W Agree

B Strongly Agree

Fig. 5. Statistics related with the question of “I prefer the
mall that uses a system that offers personalized advertise-

ments and campaigns for me more than others”

In the second part of the questionnaire, an
open-ended question was directed to the partici-
pants. In this context, the participants of the sur-
vey were asked about their opinion related to the
billboards at the entrance of the shopping malls
and the parking lot. Among the answers given to
this question, “being remarkable”, “I'll stop by that
store if I'm interested”, “memorable”, “see dis-
counts and turn to that store immediately” can be

listed as the most prominent answers.

4. Development of License Plate Recognition

based Personalized Billboard System

4.1 Conceptual Framework

The proposed conceptual idea is illustrated in
Figure 6. In the foreground process, a hypothetical
smart billboard system is set up at the entrance of
a shopping mall. A camera captures the license
plates of the cars entering the shopping center. It
would not be possible to operate the system for
new customers since the license plate information

will be undefined for the customer who comes for

the first time. A customer must have come to the
shopping center at least once to benefit from this
system. In addition, the customer is also required
to share the car license plate with the relevant
store. Then, the store clerk must register the cus-

tomer in the common database along with the

relevant shopping information.

Met) Emtramoa

Fig. 6. Hypothetical setup

In“the background process, a sequence of
steps is performed (Figure 7). After acquiring the
license plates, a sophisticated image processing
stage is applied. The license plates in textual forms
are generated and sent into a database. The past
shopping records of the customers are searched in
the database according to their license plates. If
any match is found, a related advertisement picked
up from an ad pool is presented in the smart bill-
board system.

41.1 License Plate Detection and Recognition

As a first step, License Plate Detection (LPD) is
performed. To do that a series of image processing
operations are applied with the following se-

quence:
e R-G-B to Gray Scale Conversion
¢ Noise Removal

e Horizontal and Vertical Edge Analysis



e Probable Plate Determination
e Geometric Correction

e Connected Component Analysis

Yourad here

Selected
Ad Content

: | Database
' in Cloud

f

License plate in
textual form

8 sdcontents
by Shops

Image
Processing

Data
Acquisition

§ YOUR REG |

f

&

Fig. 7::Background data processing pipeline

The~ acquired “license plate images in
Red-Green-Blue (R-G-B) format are converted
into grayscale and then, a Gaussian noise removal
stage is applied using Matlab’s image processing
toolbox functions. The formula for R-G-B to

grayscale conversion is given in Eq. (1).

GrayScale= R*0.2989 + G *0.5870 + B x0.1140 (¢D)

where R, G, and B correspond to red, green, and
blue image planes, respectively. Besides, the
Gaussian kernel for noise removal is given in Eq.
(2).

“(C4y?)

1 2
Gluy)=——7e (2)

where o corresponds to standard deviation, (x,y)

indicate the width and height of the kernel.

After that, to localize the license plates, hori-
zontal and vertical histograms . representing the
sum of differences of gray values between neigh-
boring pixels in-column-wise and in row-wise are
produced (Figure-8). A low pass filter is then ap-
plied to these histograms to eliminate regions with

low histogram values.

Horizontal Edge Processing Histogram
4000 T T T T T

2000} M%
5 ;

I L I |
0 100 200 300 400 500 600 700 800

Difference ->

Column Number >

Histogram after passing through Low Pass Filter
4000 T T T T T

20001

Difference -=

0 h . . . . h
0 100 200 300 400 500 600 700 800
Column Number >
Histogram after Filtering

4000

2000+

Difference ->

0 L I I L I h |
0 100 200 300 400 500 600 700 800

Column Number -

@)

Vertical Edge Processing Histogram
4000 T T T

0 L L
0 100 200 300 400 500 600

Row Number ->
Histogram after passing through Low Pass Filter

Difference ->

2000

1000 -

Difference ->

T T I I

UU 100 200 300 400 500 600

Row Number ->
Histogram after Filtering

2000

! Wy /\

0 | . . L |
0 100 200 300 400 500 600
Row Number >

Difference ->




(b)

Fig. 8. The analysis of edges in (a) horizontal and (b) vertic-

al directions.

This is followed by extracting the regions with
the highest probability of containing the license
plate among those regions. In other words, most
probable column and row numbers of the license
plates are localized. A geometric image correction
step is applied to rectify the inclination of the li-
cense plate image due to the shooting angle. Fi-
nally, the license plate is cropped by finding the
suitable connected component (i.e. the plate back-
ground in white color). The images produced dur-
ing the LPD stage are illustrated in Figure 9. Note
that, in this sample scenario, a fictitious plate

number is used for privacy issues.

Y

By

. OEm .,

Image in Gray Scale format

Most Probable plate region

Candidate:plate‘regions

.94 NF 5903-

The image in Binary Format

34 NF 6303

The cropped image after connected component analysis

Fia. 9. The produced images in LPD stage

In the second step, License Plate Recognition
(LPR) is carried out. To obtain the license plates in
textual form, the following image segmenta-

tion-based operations are applied:
e Morphological Dilation
e Character Cropping

e Template Matching using Correlation

The cropped binary image produced in the pre-
vious step is complemented and then enhanced
through morphological. image processing opera-
tions. Image-dilation with a 3x3 circular structur-
ing element is applied to emphasize the characters
on the license plate. The dilation of a binary image

(A) by a structuring element (B) is defined as Eq.
(3).

reB=|] A (3)

beB

where A is the translation of Aby b.

Then, the characters are cropped by using the
region properties of the binary image. To do that
Matlab's ‘regionprops' function was employed [19].
Next, the characters on the plate are identified by
template matching. In this respect, a correlation
coefficient, r, is computed by comparing the ex-
tracted characters (A) with the characters pre-
viously generated (B) (Eq. (4)).

D (Aw = A)XBm — B)

o il _ (4)
\/(ZZ (Am - DY (B, - B)?)

where Aand B are the mean values, m and n are

the dimensions of the image.



The images produced during the LPR stage
are illustrated in Figure 10. All these operations
are implemented in the Matlab programming lan-
guage.

34 NF 6303

Image complementation and morphological dilation

o) | Vi (o2
e -lj LJ [I = &) -.[IJ J
Character cropping

94NFe903
99BFK56
965YK897

The recognized characters

Fig. 10. The produced images in LPR stage
4.1.2 Database Association

According to the background data processing
pipeline (Figure 7), after acquiring .the license
plates in textual form, an attribute query with re-
spect to the extracted license plate is executed.
Once the license plate is retrieved from the data-
base, the previous shopping data associated with
the license plate is also obtained. Thus, target ad-
vertisements -suitable for the customer whose li-
cense plate is.recognized are designated and sent
to the billboards. The database system and tables
to be used for determining target advertisements
are explained in this section, moreover, the steps
to be used for determining target advertisements
are presented using relational algebra expressions.
The system designed for the target advertisement
problem is based on relational database principles.

The system is represented by a total of 7 different

tables: (i) Customer, (ii) Order, (iii) Store, (iv)
Staff, (v) Order Item, (vi) Product, (vii) Cate-
gory. While Customer, Order, Order Item, and
Product tables have a key role for the target ad-
vertisement problem; Store, Staff, and Category
tables are included in the system to ensure the in-
tegrity of meaning. The tables of the proposed da-
tabase are shown in Figure 11.

The Store table includes information about
the store. Every store has a store'ID, 'name, phone
and e-mail contact information, ‘and an address.
The table of Staff contains important staff details
including staff 1D, name and surname. This also
includes .information ‘such as e-mail and phone
contact. A staff operates in a store defined by the
value in the column of Store ID. A store can have
one or.more staffs.

The table of Product stores details of the
product, such as product ID, title, brand, category,
quantity, price, description, picture, information on
whether the product is new, and information on
whether the product is discounted. Also, each
product belongs to a category specified in the
column Category ID. The table of category stores
categories of the products. There might be zero or
more products in each group, too.

Customer table stores information about cus-
tomers including customer ID, name, surname,
address, phone, email, and plate. The table of Or-
der stores information on the sales order including
order ID, customer ID, order status, order date.
This also stores information about where the sales
transaction (store) was made, and who made this
(staff).

The table of Order Item collects the line products



in a sales order. Every line item pertains to a sales
order listed in the column of the Order ID. A sales
order line item contains the quantity and price of
the commodity, the order. It also stores the infor-
mation on where the sales transaction order 1D and
item ID.

Constraints are applied to the database for the

database to work more effectively and to ensure
data integrity. The two most common of these
constraints are the primary key, which provides the
authenticity of the records in the tables, and the
foreign key, which provides the link between the
tables.
A primary key is a field or a group of fields that
distinguish each row in the table in a specific way.
A primary key should provide unique values and
should not be NULL values. The primary key is
the key information that ensures that the records in
each table are unique.

To ensure this authenticity, store ID-and staff
ID are used as primary keys for Store.and Staff
tables, while the prime key is‘selected as product
ID and Category ID forProduct and Category
tables, respectively. Similarly, .in the Customer
and Order tables, the primary keys are Customer
ID and Order.ID. At the Order Item table, au-
thenticity'cannot be achieved with a single key, to

overcome, this, situation, Order ID and ltem ID

work together as primary keys.

A foreign key is a field or group of fields in

one table which identifies a row in another table,
uniquely. The aim of the foreign key is to guaran-
tee the data's referential integrity and meaningful
link between tables. To enforce the link between
data in the Order and Customer, Order and
Store, Order and Staff, Order Item and Order,
Order Item and Product, Staff-and Store, Cate-
gory and Product tables, foreign keys were estab-
lished.
In this context, while the connection between the
Order and Customer tables is established with
the customer ID foreign key, and the connection
between the Order and Store tables with the store
ID. foreign key, a staff ID foreign key has been
placed between the Order and Staff tables.

While the connection between Order Item
and Order tables is provided with the order ID
foreign key, the connection between Order Item
and Product tables is established with the foreign
key of product ID.

Similarly, Staff and Store tables are linked
with the store ID foreign key, while the Category
and Product tables are associated with the cate-

gory ID foreign key.
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Fig. 11. Proposed DB’s tables

How it works?

In this section, the working principle of the
database is explained. When the plate belonging to
the target customer is detected, this plate is sent to
the database. Afterward, this plate is searched in the
system to find out which customer belongs to and
the category information of the products that the
relevant customer has previously purchased is ob-
tained. Newly added or discounted products in
these categories are sent to the billboards for the
target customer.

The relational algebra expressions expressing
the working principle are included in Egs. (5)-(11).
Accordingly, the expression in Eq. (5) is aimed at
identifying the target customer by matching the
customer plate in the customer table in the database
with the plate defined by cameras. Using the ex-
pression in Eqg. (6), the order information pre-
viously made by the target customer is accessed.

Based on the order information obtained, by using

the expression in Eq. (7), the product ID of the
products purchased in the relevant order is col-
lected, and all information of the products received
with the expression in Eq. (8). The category in-
formation of these products is obtained with Eq. (9).
If the newly added or discounted products identi-
fied using Eq. (10) are in the same category as the
products that the target customer purchased in their
previous orders revealed by Eq. (11), they are
called target products for advertisements. The pic-
tures of those selected target products are sent to

the billboard system to be shown to the customer.

p (TC, o customerplate = <recognized plate> (Customery)) 5)
p (PO, 6 Tccustomer Ip = ordercustomer 10 (TC > Order)) 6)

p (POI, 6 po.order Ip = order item.order 10 (PO > Order Item)) (@)
p (PPP, 6 poi roduct 1D = Product Product 1o (PO > Product)) ®

p (TCat, O PPPCategory ID = Product. Category ID (PPP X Product)) (9)



p (TP for Ads, o Tcatcategory ID = Pp.category 1D (TCat x4 PP)) (11)

Where TC, PO, POI, PPP, TCat, PP, and TP
stand for Target Customer, Previous Order, Pre-
vious Order Items, Previous Purchased Products,
Target Category, Potential Products, Target Prod-
ucts, respectively. The p, o, > expressions used in
the relational algebra equations represent renaming,

selection, and natural join operations, respectively.

5. Results

5.1 Empirical Results

In this study, an accuracy assessment method
based on objective assessment, is used to measure
the performance of the recognition rate. The num-
ber of errors can be defined as the sum of cases
that do not match the correct character on the li-
cense plates, such as incorrect character prediction,
missing character prediction, and plates.that can-
not be predicted at all. The accuracy of this prob-

lem can be defined as Eq. (12).

Acc =[(n—m)/n] *100 (12)

where n and m refer to.number samples and the
number of errors, respectively.

The results obtained from the application for
the license plate recognition problem developed
for the Smart Billboard System for Shopping
Malls to Personalize Advertisements are given in
Table 1. According to this, 90% of the license

plates are recognized correctly.

Table 1- Performance of license plate recognition system
developed for A New Tool for Personalized Advertising in

Shopping Malls: A Smart Billboard System

Correctly recognized 90
Incorrect character prediction 8
Cannot be predicted at all 2

5.2 Discussion

Although the prediction percentage is found to
be 90%, there are some issues to be considered.
While the error rate is.10% in total, 2% of this rate
is obtained due to the fact that the plate is not rec-
ognized at-all, and 8% is due to incorrect character
prediction. The most common error in recognizing
incorrect characters is predicting the character that
is actually ‘D’ as ‘0’. Another mistake with a high
prevalence is that the character that is actually ‘B’,
which is recognized as “‘8’. In addition, false pre-
dictions were observed for multiple characters
within the same license plate. When the predic-
tions were examined, it was observed that the di-
gits were generally recognized correctly, and most
of the errors obtained were based on letters. Since
the proposed system has a hypothetical setup, the
accuracy of the database queries and recommen-

dations have not been evaluated.

6. Conclusions

In recent years, there has emerged a strong ri-
valry among the businesses, along with the differ-
ences in consumer preferences. Decision-makers in
the companies have started to plan new marketing

strategies according to the needs and expectations



of the target markets. Businesses have started to
create their marketing mixes with a focus on value.
At this point, personalized marketing is one of the
most powerful ways of creating customer interest.
In other words, personalized marketing is the ea-
siest way to appeal to target customers and markets.
Basically, personalized marketing strategies aim to
deliver customized products and services to the
consumers. Hence, it attracts the attention of many
businesses. By means of personalized marketing, it
can be easier to respond more efficiently to con-
sumers' unique needs. In this paper, based on the
survey results conducted by the authors, a smart
billboard system focused on personalized adver-
tising is proposed. To ensure this, a hypothetical
smart billboard system is installed at the entrance of
a shopping mall. A camera-based system recog-
nizes the car license plates by using image
processing methods. A database links the license
plates registered to the customers. The screen
shows appropriate advertisements to the customer
if any match is made.

By this system, a novel personalized marketing
approach has been developed by recommending
products according to the past shopping habits of
the customers. The success rate of the cam-
era-based license plate recognition system devel-
oped for the proposed approach is 90%. It was
ensured that the determined target customers were
shown the discounted or new products in the same
category that they purchased in their previous
shopping experiences. These customers were also
encouraged to continue their shopping. Although
the products proposed in this study are limited to

newly released and discounted products in the same

category, future studies will be supported by a re-
levant products table to be added to the dataset and
a decision support system trained by experts. In this
way, more accurate advertisements will be shown
to target customers. Besides, a driver recognition
system would be more beneficial than a license
plate for a more accurate recognition system in the

future.

Consent

As per international standard or university standard,
respondents’ written consent has been collected and
preserved.by the author(s).
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Appendix
SHOPPING MALL SERVICE EXPECTATION SURVEY

This study is carried out with the aim of revealing the
expectations of consumers from a shopping mall.
There are no "right” or "wrong" answers to the ques-
tions in the survey. Your answers to the questions will
be kept confidential and will be used for purely scien-
tific purposes. Thank you for your participation.

A. Please indicate your opinion regarding the fol-
lowing statements by putting an (X) mark in
the table.

1. | want the shopping mall to make me feel

special.

Disagree

4. | prefer a shopping mall where a system
that offers special advertisements and
campaigns is used more than others.

SFroneg Disagree | Undecided | Agree strongly
Disagree Agree

Strongly
Disagree

Strongly

Disagree | Undecided | Agree Agree

2. 1would like'to have'a system in the shop-
ping mall that.recognizes me from my li-
cence plate and offers me special adver-

tisements and campaigns.

Strongly
Disagree

Strongly

Disagree | Undecided | Agree Agree

3. Ishare my license plate with the store
where | shop to benefit from a system
that offers special advertisements and

campaigns for me.

Strongly

Disagree | Undecided | Agree Agree

Strongly

B. Please answer the following,question accord-

ing to your opinion.

What are your thoughts on the billboards at the

entrances,of shopping malls and parking lots?




