Journal of Multimedia Information System VOL. 12, NO. 2, June 2025 (pp. 59-66): ISSN 2383-7632 (Online)
https://doi.org/10.33851/JMI1S.2025.12.2.59

Personalized Lenses for Eye Health
Recommendation and Virtual Simulation Systems

.o . *
Heesun Jo!, Heejin Jo?, Taewan Kim!

Abstract

In this study, we developed a virtual lens try-on simulation using OpenCV and Dlib, incorporating real-time functionality through
WebSocket communication. Additionally, we implemented an eye health-based recommendation system grounded in survey data. As contact
lenses increasingly serve as fashion accessories, augmented reality (AR)-based virtual try-on services have gained popularity. However, these
services often fall short in accurately representing lens fit and suitability based on individual eye conditions. To address this gap, our study
aimed to build a lens recommendation platform that balances aesthetic appeal with wearability, guided by users' eye health data. A working
prototype was developed, followed by a usability evaluation involving pre- and post-experiment questionnaires. The evaluation yielded
valuable user feedback on lens coloration and the accuracy of the recommendation system. Therefore, future research should aim to enhance
the completeness of the service through technical improvements, while also quantitatively evaluating users’ positive responses and
interactions in actual purchasing situations to more concretely verify its commercial viability. Furthermore, as this study primarily focused
on individuals in their teens and twenties, subsequent research should include a broader range of age groups to analyze age-specific needs
and responses, thereby improving the generalizability and overall quality of the service.

Key Words: Augmented Lens Simulation, Client-Server Communication Using WebSocket, Lens Recommendation System, Pupil De-
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I. INTRODUCTION

With recent advancements in makeup technology and
digitalization within the beauty industry driven by develop-
ments in information technology, contact lenses have
emerged as significant beauty items. Previously used pri-
marily to aid vision, lenses are now widely utilized to ex-
press individuality through diverse colors and patterns.
They have also become integral to makeup effects within
augmented reality (AR) filters. Seo et al. [1] analyzed the
effects of cosmetic color contact lenses on the perceived
image of female college students. Additionally, according
to a survey conducted by the Daejeon Metropolitan Branch
in 2006, 48.7% of adolescents reported having worn col-
ored lenses, and 54.2% expressed intentions to wear them
in the future. These findings highlight the positive impact
colored lenses have on college students' self-image and sug-
gest their growing significance as a cosmetic tool.

Currently, no lens simulation services specifically ad-
dress eye health considerations. Although several compa-
nies provide lens simulation services, each has notable lim-
itations. For instance, Perfect Corp offers a virtual lens sim-
ulation feature but does not allow consumers to virtually try
on the actual lenses available for sale. Consumers can digi-
tally test lenses created by the company. However, this sim-
ulation does not directly facilitate immediate purchases. In-
stead, this strategy primarily serves as a marketing tool to
showcase the company's technology, which is then custom-
ized according to the specific needs of collaborating busi-
nesses [2].

Eyecandys offers a virtual simulation service specifically
for their colored contact lens products. This service allows
users to compare before-and-after visuals of various col-
ored contacts and preview how the lenses will appear on
camera with Instagram filters. This intuitive approach ena-
bles users to visualize the aesthetic impact of wearing the
lenses and receive feedback through social media. However,
the service only previews the color changes, making it dif-
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ficult to assess the actual fit or suitability regarding individ-
ual eye health [3].

Colored Contacts provides a service allowing users to
virtually apply various colored lenses to their own photos
or model images and immediately observe the visual
changes. It also conveniently links users to pricing details
and retailers for easier purchases. Nevertheless, while the
platform enables product filtering based on certain condi-
tions, it lacks personalized recommendations tailored to in-
dividual eye health requirements [4].

Current lens simulation services offer valuable virtual
experiences for users selecting lenses, but they often over-
look detailed lens information and personalized recommen-
dations regarding individual eye health conditions. This
study aims to address these gaps by integrating a lens rec-
ommendation system focused on eye health with virtual
simulation capabilities, thereby enhancing user satisfaction.
Fig. 1 visually illustrates the differences between traditional
lens simulation flows and the proposed simulation method
in this study.

In [5], Kim et al. surveyed the use of glasses and contact
lenses for vision correction and eye protection among the
general public from their teens to their fifties and analyzed
preferences and purchasing trends by age and gender. The
survey results showed that women in their 20s most
preferred contact lenses for ‘cosmetic reasons,” and re-
spondents in their teens and twenties showed a familiarity
with the digital environment and a sensory consumption
tendency, as they mainly purchased lenses through SNS ad-
vertisements and online shopping malls. In particular, the
proportion of ‘cosmetic’ among the purposes of wearing
contact lenses was high, and the experience of wearing con-
tact lenses often began in middle and high school, confirm-
ing that this age group is the main consumer group in the
color lens market. The results of this study support the idea
that AR-based color lens simulation services can have high
demand and marketability, especially among users in their
teens and twenties, and suggest that providing customized
simulations can be a key factor in satisfying the desire for
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Fig. 1. Comparison of existing lens simulation and the proposed
simulation process.
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pre-purchase experience and increasing reliability and sat-
isfaction with actual wear in the cosmetic-centered lens se-
lection process.

To inform our research, we conducted an online survey
targeting teenagers and young adults in their teens and 20s
who frequently use contact lenses. A total of 36 respondents
participated, with approximately 80% being female. The
majority of respondents were in their 20s, with a small num-
ber of teenagers also participating. The survey explored re-
spondents' lens usage experiences, purchasing habits, selec-
tion criteria, and their perceptions and needs regarding AR-
based lens simulation services.

Fig. 2 presents the survey results. Most respondents in-
dicated wearing their lenses once or twice a week, typically
for durations of 5—7 hours or more. This suggests lenses are
worn regularly or for special occasions. Regarding purchas-
ing methods, respondents predominantly favored brick-
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EEE 1-2times a month  HEE More than 5 times a week
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Fig. 2. User survey results on contact lens usage and AR
simulation requirements.
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and-mortar stores. Price, tint availability, and comfort
emerged as key factors influencing their choices. Some re-
spondents further highlighted specific attributes such as
lens diameter, material, and oxygen permeability as essen-
tial criteria. Awareness of augmented reality lens simulation
services existed among about half the respondents, though
many had not actually used these services. Major reasons
cited for non-use included unnatural color representations
and limited lens variety. Respondents also expressed inter-
est in service enhancements, notably an expanded range of
lens options, improved color accuracy, customizable expe-
riences, and educational content tailored to first-time users.

Based on these findings, we decided to develop a lens
simulation service that provides comprehensive information
on various lens brands and products, enhances coloration
accuracy, and incorporates a customized recommendation
system to help users easily select the most suitable lenses.

This paper is organized as follows: Section II reviews
relevant prior research. Section III describes the methodol-
ogy proposed in this study. Section IV presents the perfor-
mance evaluation methods and experimental results. Finally,
Section V concludes with the implications and significance
of our findings.

II. RELATED WORKS

Advances in virtual makeup experience technologies
provide consumers with the convenience of virtually trying
different makeup styles before purchasing, positively influ-
encing their buying decisions. The lens virtual simulation
system developed in this study builds upon the successful
applications of these virtual makeup technologies.

Kim [6] explored the effects of virtual reality (VR) and
augmented reality (AR) on makeup education. The study
anticipated that VR-AR services would set new trends by
improving user experiences and enabling personalized ed-
ucation. Conducted among female students enrolled in
beauty-related majors at K University, the research ana-
lyzed how VR-AR experiences impact makeup behaviors.
Results highlighted the importance of visual immersion and
experiential elements, suggesting that expanding VR-AR
services offering diverse experiences and options could sig-
nificantly enhance practical makeup application.

Joo [7] investigated how augmented reality virtual
makeup services influence consumer purchasing behaviors,
particularly amid the rise of non-face-to-face interactions.
Through surveys examining experiential marketing via AR,
the study identified immersion, interactivity, presence, es-
cape, education, and aesthetics as influential elements in
consumer engagement. Results indicated that AR experi-
ence preferences varied by demographic factors such as age

and gender, as well as purchasing patterns. Notably, fre-
quent cosmetics buyers valued escape aspects more signif-
icantly. These findings underscore the necessity of diverse
consumer data and customized approaches to enhance con-
sumer satisfaction and effectively drive purchase behaviors.

Ultimately, this research aims to enable consumers to vir-
tually test makeup products similarly to lenses, assessing
color and design impacts on personal appearance. The pro-
posed service facilitates real-time lens trials via socket con-
nections, photo saving features, and a recommendation sys-
tem considering comfort and eye health, helping users make
informed purchasing decisions.

Similarly, previous studies have attempted to improve
consumer experience through customized virtual fitting
technology. In [8], Shin et al. proposed a mobile application
called ‘Moarens’ that analyzes the user’s eye information to
recommend color contact lenses and provides customized
experiences through virtual fitting functions. The study was
conducted to resolve consumer inconveniences in the
process of purchasing colored contact lenses, where
simulation before wearing is difficult due to hygiene issues,
and to help select more precise customized lenses. The
researchers analyzed the user’s eye width and iris diameter
using a fuzzy algorithm and recommended lens diameter
and color based on the results. In addition, they maximized
user experience and helped with product selection by
visually providing the user’s actual eye photos with the lens
wearing appearance through image synthesis techniques.
The app also provides functions such as lens search of
various brands, filtering by conditions, and user review
ratings, and they plan to secure expandability as a platform
by linking the purchase and payment systems in the future.
This study is significant in that it presents a technology-
based user-centered service for selecting beauty products
by combining a personalized recommendation algorithm
and visual feedback functions.

ITII. PROPOSED METHOD

In this study, we implemented a web service designed to
recommend contact lenses based on eye health considera-
tions and enable users to virtually try the recommended
lenses. The overall workflow of the web service is illus-
trated in Fig. 3. When users access the lens recommenda-
tion page from the main interface, they first complete a sur-
vey to specify their preferences and health-related criteria.
These inputs are then analyzed by the system to generate
personalized lens recommendations. On the results page,
users can view recommended lenses and select specific
ones to virtually try them through a simulation screen. Al-
ternatively, users can directly access the virtual simulation
feature from the main page.
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Fig. 3. Full prototype.

3.1. Design of Recommendation Algorithm

The recommendation algorithm, shown in Fig. 4, utilizes
content-based filtering to recommend lenses that match an
individual's eye health condition. Users answer a question-
naire about a variety of conditions, including dry eyes, wear
time, price preferences, and UV protection needs. For ex-
ample, they answer questions like “Do you have dry eyes?”,
“How many hours do you usually wear your lenses?”,
“What is your price range?”, and “Do you need UV protec-
tion?”. Lenses are filtered based on each answer, and lenses
with similar conditions are grouped together. As shown in
Fig. 5, lenses that meet the criteria of “brown color+UV
protection+$20,000+” are grouped into one group (Cate-
gory 1), and lenses that meet the criteria of “gray color+no
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Recommended Customers
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Participants \
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Fig. 4. Recommendation algorithm flowchart.
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UV protection+$30,000+” are grouped into another group
(Category 2). This process recommends lenses in the appro-
priate group, making it easy for users to select lenses that
meet their needs based on a combination of eye health, user
comfort, and lens compatibility.

3.2. Implementation of Virtual Lens Try-On Using
OpenCYV and Dlib

The virtual try-on functionality was implemented using

OpenCV and Dlib, following the workflow detailed in Fig. 6.

* Step 1) Detect Faces and Eye Regions: We used Dlib’s
face detection module to identify faces in the input
image. From the detected face, we extracted 68 facial
landmarks and focused on the points around the eyes.
Using these landmarks, we calculated the position and
size of the eyes and estimated the center of the iris and

pupil.

* Step 2) Iris Detection: Using the eye landmarks, we
computed the eye center and set the radius of the iris.
The horizontal width of the eye was used to determine
the size of the iris. These measurements allowed us to
approximate the iris location and dimensions.

* Step 3) Pupil Detection: The pupil, located within the
iris, was estimated to be about 40% of the iris size. Its
center and radius were calculated based on the same
eye landmarks. These values were used to accurately
render the pupil structure within the simulated eye.

* Step 4) Apply Lens Color using Various Techniques: The
user-selected lens color, provided in HEX format, was
converted to BGR format for OpenCV processing. The
lens effect was applied exclusively to the iris area, with
the pupil area left transparent to create a natural “donut”

Original image
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Fig. 6. Virtual lens work flow.
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shape that simulates real lens wear.

3.3. Output the Final Image

To blend the lens with the original image, we used
OpenCV’s cv2.add() function. The transparency (alpha
value) of the lens was adjusted to maintain visibility of the
pupil boundaries. Additionally, a blur was applied to soften
the edges and achieve a more seamless integration between
the lens and the eye. The final output displays the user with
the selected virtual lenses applied. Algorithm 1 presents
code snippets for pupil detection and lens color application.

Algorithm 1. Detecting pupils and applying contact lenses
pseudocode.

Algorithm 1. Detect Pupil in Image.

# Step 1: Initialize face detector and landmark
predictor

face_detector initialize dlib face detector

landmark predictor initialize dliblandmark

S N R S

predictor

# Step 2: Define detect pupil function
function detect_pupil(image):
grayscale image convert_to grayscale(image)

O 0 3

faces detect_faces(grayscale image,
10 face_detector)

11 pupils[] # List to store pupil positions and
12 sizes

13 for each face in faces:

14 landmarks get eye landmarks(face,
15 landmark_predictor)

16 pupil center, pupil radius

17 calculate_pupil(landmarks)
18 append (pupil center, pupil _radius) to
19 pupils

20  return pupils

21  # Step 3: Define apply_lens function

22 function apply lens(image, prdCode,

23 userColor):

24 pupils detect_pupil(image)

25 userColor BGR convert_to BGR(userColor)

26 for each (pupil center, pupil _radius) in
27 pupils:

28 lens_layer create_lens layer(pupil center,
29 pupil _radius,

30 userColor BGR) # Donut-shaped lens

31 image blend lens(image, lens_layer,

32 pupil_center)

return image

3.4. Connect WebSocket for Real-Time Lens Virtual
Simulation

In this study, we implemented a client-server communi-
cation system using WebSocket to enable real-time virtual
lens application. WebSocket allows continuous, bidirec-
tional communication between the client and server, facili-
tating the rapid exchange of data required for virtual
makeup effects such as lens try-on.

Once a WebSocket connection is established, the server
actively monitors connection status and logs connection or
disconnection events. When a user sends an image, the
server follows the procedure outlined in Algorithm 2: it first
decodes the image data and converts it into a format com-
patible with OpenCV. If the user-selected effect is a lens,
the server invokes the apply lens function to apply the cho-
sen lens color and style. The processed image is then en-
coded in base64 format for return to the client.

This architecture enables smooth and seamless updates,
creating a video-like transition effect as users change lenses.
As a result, the virtual try-on experience feels more dy-
namic, realistic, and immersive.

IV. THE RESULTS OF A STUDY

The usability evaluation conducted in this study aimed to
assess how effectively and satisfactorily users could inter-
act with the augmented lens simulation, using a prototype
that incorporated the proposed features.

Algorithm 2. Socket connection part pseudocode.

Algorithm 2. WebSocket server process.

1 Initialize websocket server

[\

procedure OnClientConnect

W

Print “Client connected”
4 end procedure

5 procedure OnClientDisconnect
6 Print “Client disconnected”

7  end procedure

8  procedure OnClientSendsImage(image)

9 Decode image data

10 Convert image to OpenCV-compatible format
11 Extract makeup type and product code from
12 user input

13 if makeup type = ‘lens’ then

14 Apply apply lens function with selected

15 color and lens

16 end if

17 Encode processed image to base64 format

18 Send transformed image back to client

19  end procedure
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4.1. Research Subjects and Research Procedures

The participants selected for the usability evaluation
were familiar with the concept of augmented lens simula-
tion. Each participant was provided with a PC to operate the
prototype and a mobile device to complete a post-experi-
ment survey. During the evaluation, participants' reactions,
behaviors, and any signs of discomfort were recorded and
photographed to capture authentic user experiences in a nat-
ural setting. Fig. 7 shows a subject photograph.

Before starting the experiment, participants received a
brief introduction to the Lens Simulation system, including
an overview of its features and the purpose behind its de-
velopment. They were then provided with a task scenario
outlining the specific actions they would be expected to per-
form during the session (Table 1).

In this experiment, we aimed to evaluate several key as-
pects of the system: the perceived realism of the lens aug-
mentation technology, user satisfaction with the lens color,
the speed and overall satisfaction with the simulation, and
the perceived usefulness of the eye health-based recom-
mendation system. To achieve this, a post-experiment sur-
vey was conducted using a 5-point Likert scale (1: not at all,
2: slightly, 3: moderately, 4: yes, 5: very much). In addition,
participants were encouraged to verbalize their thoughts

Fig. 7. Subject photograph.

Table 1. Task scenario to check the satisfaction of the main

during the session, and further qualitative feedback was
gathered using the think-aloud method with informed par-
ticipants (Table 2).

All participants successfully completed the assigned
tasks, achieving a 100% task success rate. In both Task 1:
Lens Simulation Experience and Task 2: Eyeglass Recom-
mendation System, users found it easy to locate and navi-
gate to the relevant pages, indicating that the interface was
intuitive, and the features were readily accessible.

4.2. Usefulness of the Recommendation System

The results of analyzing the usability of the recommen-
dation system provided in this study are shown in Fig. 8.
Participants generally responded positively to the concept
of receiving personalized lens recommendations based on
their eye condition. However, additional feedback revealed
some dissatisfaction with the limited variety of results. This
sentiment was echoed in the think-aloud sessions, high-
lighting the need to expand the underlying lens database to
provide more diverse and tailored recommendations.

4.3. Satisfaction with Lens Simulation

The lens simulation service was evaluated based on three

Table 2. Survey of prototypes, including main function.

Post-survey

Based on lens augmentation simulation.

Satisfaction with the degree of color development of the
lens during the lens simulation.

Ql

Satisfaction with the speed at which the lens is applied
during the lens simulation.

Q2
Q3 When simulating a lens, the sense of reality of the lens.
Q4 Overall satisfaction with lens augmentation simulation.

Reasons for overall satisfaction with lens augmentation
simulation.

Q5

Task scenario

Based on lens augmentation simulation.
Q1  Press the “Try” button on the start screen.

Q2 Please select 'Lens Simulation' in the lens shown in the
menu tab bar.
After pressing the Play button, press 'try now' under

3
Q 'Shine Touch Milky Brown.'

Based on the eye health recommendation system.
Q1 Usefulness for ocular health recommendation system.

Why did you evaluate the eye health recommendation
system that way?

Q2

Based on the eye health recommendation system.
Please select 'eye condition-based recommendation' in

Ql

the lens shown in the menu tab bar.
Q2 Please select the option you want.

Q3  Please press the “Receive recommendations” button.
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key aspects: coloration, realism, and speed. Satisfaction rat-
ings for each aspect are shown in Fig. 9. Fig. 10 shows the
overall user satisfaction with the service.

Despite the generally positive results, qualitative feed-
back from the think-aloud sessions revealed areas for im-
provement particularly in color accuracy. For example,
Tester A remarked, “As someone who wears brown lenses
most of the time, it's disappointing that the natural color
rendition is not as good as it could be.” Similarly, Partici-
pant C noted, “Some lenses look unnatural or the colors
don 't appear as natural as expected.”. These insights em-
phasize the importance of refining the color processing al-
gorithms and expanding the lens library to enhance the re-
alism and variety of lens options available.

V. CONCLUSION & FUTURE PLAN

In this study, we introduced a lens-augmented simulation
service that integrates a lens simulation prototype with an
eye health-based recommendation system. To validate our
approach, we reviewed previous studies and evaluated the
usability of existing lens simulation services among actual
users.

Based on our findings, we recommend two primary di-
rections for future research. First, further investigation into
the usability and real-world impact of the recommendation
system is needed. Although our evaluations confirmed the
service’s potential to guide lens selection and influence pur-
chasing decisions, it is essential to quantify its effect

Satisfaction with

color devel()pment, speed, and realism

Color Development Speed Realism
Average Rating Average Rating Average Rating
(433/95) 4.00/5) (4.00/5)

Fig. 9. Satisfaction with color, speed, and realism.

The Overall satisfaction

of the service

Average Rating
(4.67/5)

Fig. 10. The overall satisfaction of the service.

through specific performance metrics. Second, enhance-
ments to the lens augmentation simulation should be pur-
sued to improve overall service quality. While valuable
feedback was received regarding features like lens coloring
and the recommendation mechanism, technical and time
constraints limited their full implementation.

The culmination of our research is the Lens Aura appli-
cation. Lens Aura enables users to virtually try on different
brands of lenses and obtain personalized recommendations
based on their eye health. The application is structured
around five key screens: the main screen, menu selection
screen, recommendation screen, simulation screen, and
team introduction screen.

In summary, our usability evaluation demonstrates that
the Lens Aura service is sustainable and useful, with prom-
ising potential to affect lens purchasing behavior. Nonethe-
less, addressing the technical limitations and extending the
evaluation beyond the prototype stage are critical next steps
for future studies.
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