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This study aims to explore how pricing can be optimized using artificial intelligence techniques, including
machine learning and deep learning.

Traditional methods of setting price for goods and services are some of the main methods that organizations
have relied on for long time. The most notably method is cost-based pricing, where the price is calculated by adding
direct and indirect costs and adding a specific profit margin that ensures sufficient returns for the organization.
Competition-based pricing is also used, where the price is determined based on market and competitor prices
without placing significant emphasis on actual costs. This is appropriate in markets characterized by product
convergence and multiple competitors. Another traditional method is perceived value-based pricing, which relies
on the customer’s assessment of the value of a product or service. Psychological pricing is used, where product
pricing is based on methods that influence consumer perceptions. Traditional methods also include promotional
pricing, which is used for temporary offers to stimulate demand, especially during recessions or when launching
new products. Geographic pricing, which takes into account differences in costs, taxes, and market conditions
across different geographic regions, allowing for flexibility in distribution and marketing. Although these methods
were effective in previous periods, technological and behavioral developments is driving many organizations to
adopt more sophisticated pricing methods that respond to changing market conditions.

Facial expression recognition plays an important role in several fields, among them optimizing the prices
of goods and services. Facial recognition systems generally consist of three main stages: preprocessing, feature
extraction, and classification.

Preprocessing is a vital step in improving face recognition performance. It involves enhancing image quality
through operations like clarity adjustment, scaling, and noise removal. This step also eliminates irrelevant
details (e. g., ears) and prepares the image for accurate recognition by applying techniques such as alignment,
normalization, binarization, and standardization.

Feature extraction focuses on extracting key facial features — like the eyes, nose, and mouth — and their
geometric arrangement to classify expressions. Each face has a distinct structure that enables recognition.
Techniques such as eigenfaces and scale-invariant feature transform are used for accurate feature extraction. Facial
emotions are conveyed through the activation of specific muscle groups, revealing complex information about a
person’s mental state. Machine learning and deep learning techniques are used to recognize and classify these
expressions by training models on labeled facial images.

The goal of price optimization is to find the best pricing strategy that leads to setting the appropriate price,
maximizing profit, and meeting customer needs. This can be achieved by relying on customer behavior through
facial expressions, as the face is a key feature in expressing emotions. By analyzing customer facial expressions
relative to the prices of goods and services offered in retail stores (supermarkets), the store owners understand
better the customer reactions to prices.

The results of analyzing customer facial expressions, both positive and negative (such as happiness, sadness,
anger, surprise, fear, and disgust), provide store owners with accurate insights into customers» emotional feelings
as they interact with products or services. These analysis enable store owners to precisely meet customer needs,
design personalized offers and services, and enhance the shopping experience. This, in turn, leads to increased
sales, builds trust between the store and customers, enhances customer loyalty and satisfaction, and increases
profits. It also enables store owners to make accurate decisions based on available data, creating a competitive
advantage in a market characterized by constantly changing customer tastes.
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COBEPLUEHCTBOBAHWE LEHOOBPA3OBAHIA TOBAPOB
N YCIYT C NMOMOLWBbHKO PACINO3HABAHNA NNL

Myccan A6genyaxab
YHusepcuteT Mcunbl (Mcuna, Armkmp)

Llesb JaHHOTO KCCIEe0BAHNUA 3aKI0UAETCA B U3yUeHNH TOT0, KaK MOXHO ONITHMU3UPOBATh IIeHO0Opa3oBa-
HUe ¢ TOMOII[bI0 METOZOB MCKYCCTBEHHOT'O MHTE/UIEKTA, BKII0YasA MAIMIUHHOE 00y4ueHue U ITybokoe obydeHue.

TpaZAUIMOHHbIE METO/BI YCTAHOBIEHUA IIeH Ha TOBAPHL U YCIYTHU ABJIAIOTCA OZHUMU U3 OCHOBHBIX METO/IOB,
Ha KOTOpble OpraHM3alliy II0JIarajauch B TeYeHNe JJINTeTbHOro BpeMeHu. Hanbosee 3aMeTHBIM U3 HUX ABIAET-
s IIeH00Opa3oBaHue Ha OCHOBE HU3JepKeK, KOIZa IleHa PACCUUTBHIBAETCSA ITyTeM CIOXKEeHUA IIPSAMBIX ¥ KOCBEHHBIX
u3zepKeK U 100aBIeHNA ONpeie/IeHHON Map:Ku PUOBLIH, KOTOpasi 00eCeyrBaeT JOCTaTOYHYIO BEITOAY JJIS Op-
raHusanuu. lMcnonb3yercsa Takol MeTOZ KaK IleHooOpa3oBaHUe Ha OCHOBe KOHKYDEHIINH, KOI/la IieHa oIpesie-
JIIeTCA Ha OCHOBE PBIHOYHBIX M KOHKYPEHTHBIX IleH 0e3 3HaUUTeThbHOI'0 BHUMAHUA K GaKTUYeCKUM U3/IePKKaM.
OTO yMECTHO Ha PBIHKAX, XapaKTePU3YIOIIKUXCA pPa3HOOOpasueM NPOAYKIIUN M MHOXXECTBOM KOHKYpPEHTOB. I1cu-
XOJIOTMYecKoe IIeHO0Opa3oBaHuUe UCIIONb3YeTCs B TeX CIy4asx, KOIZa lieHa Ha IIPOAYKIIMI0 OCHOBaHa Ha METOZAX,
KOTOPBIE BIUAIOT Ha BOCIIPUATHE TOTpebuTeA. TpaAUIMOHHBIMU TaKXKe ABJIAIOTCA METO/bI, OCHOBaHHBIE Ha IIO-
OIPUTENBHBIX LIeHAX, KOTOPbIe UCIOJb3YIOTCA /I BpPeMEeHHBIX IIPE/JIOKEHUH C IIeJIbI0 CTUMYJIMPOBAHUA CIIPO-
ca, 0cOOEHHO B ITEPUOABI PELIeCCUU WIN 3aITyCKa,/BBIIyCKa HOBBIX IIPOAYKTOB. ['eorpadudueckoe rieHoo6pasoBa-
HIe YYUTHIBAET Pa3HULLy B IleHaX, HAJoraX U yCJIOBUAX B Pa3HBIX reorpadpruecKrx peruoHax, 4To obecrieqnBaeT
rUOKOCTD B AUCTPUOYIINY U MapKeTHHTe. XOTA BCe 3TU MeTOAB! ObUTH 3 GEKTUBHEI B ITpebIAYIITIE IIEPUOJEL, TEX-
HOJIOTUYECKHE U NIOBe/leHIeCcKre U3MeHEeHUA TO0YKIal0T MHOTYIe OpraHU3aINH UCIIOIb30BaTh HoJee CII0KHBIE
MeTOZBI IIeHOOOPa30BaHUsA, KOTOPbIe PearupyroT Ha MEHAIOUINECS PIHOYHBIE YCIOBUS.

Pacrio3HaBaHUe BBIPQ)KEHUA JIMIA UI'PAET BAXKHYIO POJIb B HECKOJIBKUX 00IaCTAX, OFHOU U3 HUX ABIAETC
ONTUMH3ALMA IIeH Ha TOBApH! U yeayrd. OObIYHO CUCTEMBI PACIIO3HABAHMSA JIUL] BRIIOTHAIOT TPU IVIABHBIX ATala:
06paboTka U306paXKeHs, U3BJIeUeHNE TIPU3HAKOB U KIacCUpUKaIIUA.

[IpenBapuTtenbHas 06paboTKa SIBIAETCA UCXOAHBIM IIaroM B HOBbIIIeHNY 3G HEKTUBHOCTH paclio3HaBaHUs
sui. KauecTBeHHOE M306paKeHHe JOCTUTAETCs IIyTeM HACTPOUKY YETKOCTU U M3MEeHEHUs MaciiTaba, a Takke
yAaneHus myma. M3o6paxeHue ocae0BaTeNbHO U30aBIAeTCsa OT HEHYXKHBIX ZieTaslel, TaKUX KaK YIIIH, U TOTO-
BUTCS K TOYHOMY PacIO3HABAHUIO ITyTeM N306paskeHYs, BBIpaBHUBAaHUA, HOpMaIM3aluy, 6MHapH3aluy U CTaH-
JapTusanuu. V3BiedeHre pU3HakoB GpoKycHpyeTcsa Ha KIIOUEBBIX YepTax JIMIA, TAaKUX KaK I7Ia3a, HOC U POT,
U UX FeOMeTPUYEeCKOM PACIIONIOKEHUH A KiaccudrKaluy BeIpaKeHUH. Bee uiia UMeroT yHUKAIbHYIO CTPYK-
Typy, KOTOpas [03BOJIAIET UX paclo3HaBaTh. TOUHbIEe METOABI U3BJIeYeHUA IIPU3HAKOB, TaKHe Kak eigenfaces
U MacIiiTabHO-MHBAapHaHTHOe IpeoOpa3oBaHue IPU3HAKOB, TAK)XKe IPUMEHAIOTCA. DMOIIMH Ha JIUIE ITepesiaroT-
cs1 Ha OCHOBE aKTHUBU3ALUHY OIIpeZieJIeHHBIX IPYIIII MBIIIIL ¥, TAKUM 00pa3oM, COAEPKAT CI0KHYI0 HHGOPMAIIIIO
0 IICUXWYECKOM COCTOSTHUM YesioBeka. ManrmHHoe U ryboKoe o0ydeHre UCIONb3YIOTCA AJIA PACcllo3HAaBaHUA
U KyaccuUKaIyy 3TUX BRIpaKeHHUH ITyTeM 00ydeHUs MoJiesiell Ha MapKUPOBaHHBIX N300pakeHUAX.

Lle/Tbi0 ONITUMU3ALINH ABJISIETCS TOVCK JIyUIIIel IIEHOBOM CTpaTernu, KOTopast BeZIET K YCTAHOBIEHUIO TAKOM
LIeHbl, KOTOpas MaKCUMHU3UPYET IPUOBLIH IIPY YZOBI€TBOPEHUH ITIOTPeOHOCTeN KINEHTOB. JIUI[0 ABIAETCA OCHOB-
HBIM UHCTPYMEHTOM BBIPQXKEHUA SMOLIMH, 1, BEPOATHO, IOBeJleHHe KJIMEHTOB MOXKHO Y4eCTh BO MHOTHX CIy4asX,
OCHOBBIBASICh Ha BEIPYKEHUAX JIUL,. AHAIU3UPYH UX, BJaZesIbIbl Mara3uHOB CMOTYT JIy4llle [IOHUMATh, KaK KJIH-
€HTBI OTPEarupyroT Ha IIeHbl TOBAPOB U YCJIYT, ITpe/iaraeMble B PO3HIUYHBIX TOYKAX IIPOJAKH.

PesysnbraThl aHa/IM3a BRIPKEHUH JIUIL IIOKYyTIaTesel, KaK IOJIOXUTENbHBIX, TaK U OTPULIATETbHBIX (TaKUX
KaK cyacTbe, TPYCTh, THEB, YAUBIEHUE, CTPax U OTBpallleHue), ZAIOT BIaZebllaM MarasuHoOB IIpe/CTaBIeHue
0 YyBCTBAX M OMOIMAX ITOKyTIaTesel IIPU UX B3aUMO/IEHICTBUH C TOBapaMH U yCIyraMiy. Pe3y/bTaThl TAKOTO aHa-
JIM3a TO3BOJIAIOT BJIaZleibllaM Mara3uHOB TOYHO YZOBIETBOPATH MOTPeOHOCTH KIMEHTOB, pa3pabaThiBaTh Mep-
COHAJIM3UPOBAHHBIE IPEJIOKEHUA U YCIYTH, a TAaKXKe COBEPILIEHCTBOBATh IIPOLIECC COBEPIIEHUA TOKYIIOK. JTO,
B CBOIO OUYepe/ib, BeZleT K YBeJIMYEHUIO IIPOJaK, YKPEIUIEHUIO I0BEPUA MEX/Y Mara3uHoOM U IOKyIaTeIAMHU, IIO-
BBIIIEHUIO JIOSUTBHOCTY MOKyHNaTe/lel U yBeJMIeHUI0 IPUOBLUTH. DTO TaK)Ke ITO3BOJIAET BiaZiebllaM Mara3uHoB
[IPUHUMATbh TOYHBIE PEIIeHN Ha OCHOBE JIOCTYITHBIX JaHHBIX, CO3/laBas KOHKyPeHTHbIe IIPeNMYIeCTBa Ha PBIH-
Ke, XapKTepHU3YIOIeMCs TIOCTOSTHHO MEeHAIOIMMUCSA BKyCaMU ITOKyTIaTesei.

KirroueBsie cj10Ba: COBEpPIIEHOCTBOBaHME IIeHOOOPa30BaHUsA, UCKYyCCTBEHHBIN NHTEIEKT, BEIPaXKEHUA JIULL
KJINEHTOB.
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ntroduction. Artificial intelligence can play a

crucial role in improving pricing based on the

analysis of customer behavior via machine
learning and deep learning techniques. It aids in
comprehension of customers emotion and as a result,
the price of different products and services can be
optimized.

The objective of price optimization is to determine
the best pricing strategy that, in turn, results in the
appropriate price and maximizes profit.

This can be achieved by using the customer
facial expressions, which provide vital information
about emotions, since the face is a crucial feature
in expressing emotions. Also provided is a facial
recognition apparatus which recognizes the customer’s
facial expression.

The research problem can be stated as follows:
How does the use of facial recognition system
contribute to improving prices?

The present study aims to use artificial intelligence
in the field of marketing through facial expression
recognition to improve pricing. The importance of
this study lies in determining the prices of goods
and services, by setting appropriate prices that meet
customer needs and achieve the seller’s objectives.
Furthermore, the study aims to:

— explore the extent of artificial intelligence
usage in marketing;

— evaluate the suitability of price optimization
using artificial intelligence;

— assist sellers in improving the pricing of
products and services.

Literature Review. Mariem Slim et al (2018),
introduce a novel and efficient method for evaluating
the satisfaction of customers pertaining to the
most relevant facial expressions. Six new features
(disgust, anger, fear, sadness, happiness, and
surprise) are used. Specifically, the most important
emotions «happiness», «surprise» and «neutral» are
distinguished. The proposed method is consistent
with the camera position. Datasets are used for study
and evaluation. The obtained results indicate that the
proposed method achieves high recognition accuracy,
which is better than the AU features of SVM or KNN
[1, p. 6].

Wanghua Deng Et Ruoxue Wu (2019), proposed
a DriCare system that can pick up drowsiness-related
factors (such as yawn, blink, drowsiness, duration,
etc.) of drivers in video image without attaching
any device to the driver’s body. In response to this
limitation, we propose a new face tracking algorithm
to ensure better tracking performance. Additionally,
a new method for detecting facial regions based on
68 key points is established. These regions can then
be used to evaluate condition of drivers. The system
could, for example, issue a warning that a driver is

fatigued by combining information from the eyes and
mouth. It was shown that the developed system has an
accuracy of about 92% according to the experimental
results [2, p. 11].

Chirag Bera et al (2022), introduced a model
to assess the public acceptance of products based
on their brand by analyzing facial expressions of
customers intending to purchase the product from a
supermarket. In such circumstances, detecting facial
expressions is crucial for product assessment. Several
techniques have been suggested for classifying human
emotions. Facial expression identification is made by
feature point extraction based on sequential classifier
which can reduce the time complexity. This product
classification will assist the store owner to enhance
sales while ensuring the best products are available to
customers [3, p. 5].

Price is one of the most important components
of the marketing mix, as it strongly and directly
influences the consumer’s purchasing decision due
to the surrounding economic conditions [4, p. 641].
It translates the value of goods and services at a
specific time and place into a monetary value based
on the currency in circulation in the community [5,
P. 244]. Pricing is the process of balancing the benefits
obtained by the buyer or consumer with the monetary
values they are willing to pay. It is a complex process
associated with multiple economic and behavioral
considerations [6, p. 14].

Determining the optimal price is a complex process
[7, p. 726]. Price optimization refers to the process of
determining an ideal pricing strategy by identifying the
optimal price for a product or service in alignment with
the organization’s objectives. This goes beyond simply
setting a price; it involves comprehensive analysis
of market data, customer behavior and preferences,
as well as key influencing factors such as demand
levels, production costs, and competitor pricing.
Quantitative analysis tools, artificial intelligence, and
predictive models are often employed to support
pricing decisions. The goal of price optimization is to
maximize profitability while ensuring fair value for the
customer, striking a balance between financial returns
and customer satisfaction — ultimately enhancing
the organization’s competitiveness and market
sustainability [8].

Technology can enhance the price optimization
process through:

— Automated Data Analysis: Automated data
analysis refers to the use of intelligent
algorithms and artificial intelligence (AI)
techniques to process and analyze data
automatically, without direct human
intervention. Through machine learning
and deep learning, companies can handle
vast amounts of pricing-related data — such
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as customer behavior, market changes, and
competitive activity — within a very short time
compared to traditional methods.

This type of analysis enables:

e The rapid detection of patterns and trends in
consumer preferences;

e A better understanding of the complex
relationships between price and demand,

e The ability to predict market reactions to
potential price changes.

— Dynamic pricing refers to a flexible pricing
strategy that involves adjusting prices in real
time in response to changing factors such as
demand levels, supply volume, competitor
actions, and customer behavior. Unlike
traditional fixed pricing, dynamic pricing
enables companies to continuously update
the prices of their products or services based
on prevailing market conditions, with the goal
of maximizing revenue or enhancing market
responsiveness.

— Price Testing and Optimization: Technology
enables companies to conduct price testing
and optimization experiments more efficiently
and objectively compared to traditional
methods. With the help of specialized software
tools, organizations can test multiple price
points for the same product or service across
different customer segments, and measure the
actual impact of each price on purchase rates,
customer satisfaction, perceived product value,
and overall profitability. These tools also allow
for digital simulations of price changes before
implementation in the real market, which
helps in accurately assessing potential risks
and expected returns [9].

Facial Expression Recognition System. Facial
expressions reveal negative or positive emotions; the
face serves as a source for conveying emotional states
as it reflects personal feelings and acts as a mirror
through which we sense natural reactions to what is
said to a person, heard by him, or happens to him [10,
p. 1371.

Motion detection is one of the new areas in
machine learning and is associated with recognizing
human facial movements. Signals emitted from sensors
are capable of detecting emotions or even identifying
objects and their characteristics [11, p. 36].

After conducting numerous studies, it has been
found that all facial expressions are consistent across
different cultures. However, studies have focused on
developing systems to recognize expressions based
on six basic emotions: disgust, anger, fear, sadness,
happiness, and surprise. These expressions are
standardized among humans regardless of age, gender,
or ethnicity [12, p. 139].

Certain areas of the face provide us with various
pieces of information about specific emotions as
follows [10, p. 132]:

— The lower face and eyes are the best areas for

expressing happiness.

— The eyes are the clearest feature for revealing

sadness.

— The eye area and lower face provide more

information about surprise.

— Anger can be detected through expressions in

the lower face, eyebrows, and eyes.

— The lower face is the best place to identify

feelings of disgust.

— The eye area reflects fear.

The machine learning, a subset of artificial
intelligence, enables computers to learn from
experience without explicit programming. It identifies
relationships between inputs and outputs of a problem
using the data provided for each problem to address
similar issues [11, p. 36].

The deep learning is a branch of machine learning
techniques that uses neural networks. Currently,
deep learning is the most widely used approach for
applications such as object recognition, machine
translation, speech recognition, image synthesis, and
more [13, p. 1378].

There are many algorithms used for facial
recognition, including Convolutional Neural Networks
(CNN):

It is widely used in image recognition, image
classification, object detection, facial recognition, and
more. In CNNs, the input image passes through a
series of convolutional layers, pooling layers, and
fully connected layers, ultimately producing outputs
that can be a simple class or a class probability that
best describes the image. CNNs can learn multiple
layers of feature representations from the image by
applying various techniques. In this approach, the
computer classifies images by searching for low-level
features such as edges and curves, then builds a more
abstract concept through a series of convolutional
layers. CNNs provide greater accuracy and improve
performance due to their unique characteristics,
such as local connectivity and parameter sharing [14,
p. 107]

Artificial Neural Networks (ANN):

It is one of the most important methods in artificial
intelligence. Their concept revolves around simulating
the human brain’s ability to recognize patterns and
distinguish objects using computers by following a self-
learning process that occurs in the brain. This process
leverages previous experiences to achieve better results
in the future [15, p. 591].

Support Vector Machine (SVM):

This classifier is regarded as one of the most
powerful traditional classifiers due to its mechanism,
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which integrates both neural network algorithms and
Radial Basis Function (RBF) algorithms to find the
optimal separating hyperplane between training data.
This classifier is known for its flexibility, scalability,
and speed, giving it an advantage in handling various
pattern recognition problems and bioinformatics.

Additionally, it excels at processing data with a large
number of features relative to the number of data
records available [16, p. 21].

Facial Expression Recognition Stages:

The facial expression recognition system includes
the following main stages (Fig 1):

Fig. 1. Stages of Facial Expression Recognition

Facial registration is a computational technique
that recognizes human faces in digital images and is
used in a range of applications. Faces in the image are
located using a series of prominent points known as
face detection in this facial registration process. These
detected faces are then geometrically aligned to match
a template image [3, p. 2].

Stage 1: Preprocessing. This stage is crucial and is
used to improve the performance of the face recognition
system. Preprocessing of images involves various
operations such as image clarity, scaling, contrast
adjustment, and additional enhancement processes
[17, p. 620]. It may include unwanted extra information
such as the ears, neck, clothing accessories, and jewelry.
Another reason for preprocessing is to enhance the
quality of the captured image through different image
processing methods such as alignment, normalization,
standardization, and noise removal [18, p. 1670]. Noise
is one of the major issues in an image, resulting from
the processes of capturing, storing, or transmitting
the image [12, p. 139]. These images are processed to
achieve the best form suitable for recognition, including
binarization (converting the image to a binary image)
and noise removal [19, p. 519].

Stage 2: Feature Extraction. The primary
function of this stage is to extract features from the
detected face images to classify expressions. A face
image represents a set of prominent features such as
the mouth, nose, and eyes, along with their geometric
distribution. Each face is characterized by its unique
structure, size, and shape, which allows for recognition.
Several techniques exist for extracting the shape of the
mouth, eyes, and nose to identify the face such as eigen
face, scale-invariant feature transform [20, p. 342].

Stage 3: Classification. Specific sets of unique
facial muscles are activated to convey facial emotions.

The signals in our expressions, which can be subtle yet
complex, often carry a huge amount of information
about our mental state [3, p. 3].

Machine learning techniques and deep learning
neural networks allow us to recognize and analyze
facial expressions (happiness, sadness, anger, surprise,
fear, disgust) by training the network on expression
images to classify the face’s expression into a specific
category.

Data analysis and price optimization. Price
optimization can be enhanced by utilizing facial
expression recognition through the analysis of images
or videos recorded by cameras placed in strategic
locations within supermarkets. These recordings
capture the emotions displayed by consumers when
viewing the prices of products and services, as facial
expressions reflect the consumers» natural reactions
to pricing.

Retailers (supermarkets) can implement a facial
recognition system based on machine learning and
deep learning algorithms. This system can be used
to recognize consumers» facial expressions after
training the neural network on a sufficient number
of images depicting various facial expressions. This
allows for accurate identification or detection of facial
expressions and their translation as a tool for price
optimization.

This approach enables the evaluation and
enhancement of product and service pricing based
on the results of analyzing consumers» positive and
negative facial expressions (happiness, sadness, anger,
surprise, fear, and disgust). This strategy helps the
retailer meet consumer desires, increase sales, build
trust, increase profits, enhance customer loyalty,
customer satisfaction, and create a competitive
advantage according to the proposed model (Fig 2).
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Stages of Facial
Expression Recognition

(FER) |

Increase profits

Enhance customer loyalty

Customer satisfaction

Create a competitive advantage

Fig. 2. Proposed model

Conclusion. One of the biggest challenges
in pricing products and services is determining the
optimal price, by using machine learning and deep
learning techniques. Facial expressions (customer
behavior) can be relied upon to optimize prices,
resulting in increased customer satisfaction and store
owner profitability. Therefore, facial expressions can
be used as a tool for price optimization.

This study shows that analyzing facial expressions
using deep learning algorithms helps assess the
customer satisfaction or dissatisfaction with prices
and improve goods and services pricing.

In order to achieve this goal, it is recommended
to use high-efficiency imaging devices and advanced
techniques for facial extraction and also develop a
specialized device to identify the number of facial
expressions of customers.
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