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I. INTRODUCTION

The rapid evolution of Artificial Intelligence(Al) has paved
the way for innovative applications in everyday objects.
Among these, a smart mirror is a representation of a tra-
ditional mirror with integrated technologies to provide real-
time personalized recommendations and health insights. Busy
schedules make it challenging for individuals to manage their
to-do lists, health, and even dress code choices.

According to the past work done, both Khandaker et al. [1]
and Simone et al. [2] developed smart mirrors with various
features, such as face verification, weather updates, calendar
events, news, traffic, and emotion recognition. Considering
social event-based fashion recommendation, Federico et al [3]
proposed an event classifier combined with a recommender
by implementing a fashion object detector for social events.
Nikita et al [4] proposed outfit recommendation by detecting
user outfits, identifying the social event, and suggesting similar
outfits for the detected event. However the system lacks the
ability of considering outfits suitable for multiple social events.
In the context of acne detection, Quan et al. [5] proposed an
automatic system that employs Faster Region-based Convo-
Iutional Neural Network (R-CNN) for acne lesion detection
and LightGBM for severity grading. Similarly, Hang et al.
[6] introduced an ensemble neural network-based approach
featuring a classification module for severity estimation and an
acne localization module. However, prior research has focused
on general acne detection, there is limited work addressing
localizing acne within the “Danger Triangle of the Face”
which is a crucial clinical aspect. This research proposes a
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comprehensive Internet of Things(IoT) smart mirror frame-
work to address past limitations. Mainly, it has features for
face verification, acne detection with “Triangle of Death”
localization, and social event-based fashion recommendation.
By leveraging these components, the proposed smart mirror
represents a significant advancement towards smart computing,
seamlessly integrated with digital intelligence.

II. METHODOLOGY
A. Hardware Implementation

Figure 1 shows the structure of the smart mirror, which
consists of a 24-inch display, acrylic two-way mirror, webcam,
Raspberry Pi, power supply, and required cables integrated
into a customized frame to achieve operational functionality.
Display and mirror dimensions need accurate measurement
while the system includes spaces for keeping cables. Display
remains in the center to match the orientation of the two-way
mirror by arranging its reflective surface to face outwards and
transparent surface to look at the display. Webcam installed at
the upper section of the frame uses Universal Serial Bus(USB)
to connect with Raspberry Pi for capturing images. Facial
verification, acne, and outfit detection are run on the Raspberry
Pi to analyze data for display results.
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Fig. 1: Hardware Implementation




B. Face Verification Module

To perform real-time face verification, both speed and
accuracy are essential factors. Algorithms such as Haar Cas-
cade, ResNet+SSD, YuNet, and MediaPipe for face detection,
along with Python Face Recognition, DeepFace-FaceNet, and
SFace for recognition, were evaluated to balance speed and
accuracy. Selection of these algorithms was based on findings
from past research [7]. This research primarily focused on
Central Processing Unit(CPU) performance to ensure practical
accessibility of the system in low-resource environments.

C. Acne Detection Module

To perform acne detection capable of differentiating acne
within “danger triangle” of the face we incorporated a
YOLOVS for acne detection with an around 930-image acne
dataset and MediaPipe to detect key facial landmarks to
identify the critical region. Mediapipe [8] has proven to be
more precise in detecting facial landmarks than other methods.

D. Social Event Based Fashion Recommendation Module

The workflow of fashion recommendation consists of detect-
ing the user’s outfit, decide its suitability for a given calendar
event, and recommending outfits that match. A mapping
mechanism is used to map the outfits to social events like
formal wear for a meeting, party wears for a wedding, and
parties to handle the issue of similar outfits for multiple events.
The dataset includes 400 images per outfit, and YOLOVS is
used to train the outfit detection model.

III. RESULTS AND DISCUSSION

Table I shows obtained accuracy, speed for face detection
& recognition. Among them Mediapipe, FaceNet have the
highest accuracy and the processing speed for face verifi-
cation resulting in it working in real time. YOLOVS for
acne detection has around 66% precision, 60.9% recall, and
mAP50 of 64.8%. Figure 2 shows the results of accurate acne
classification inside and outside the triangle area. Figure 3
shows results for trained fashion objects for social event-based
fashion recommendation. It validate that the model is well-
calibrated to accurately identify the fashion objects however
certain classes show misclassifications due to visual similarity
between them.

TABLE I: Comparison of Face Detection and Recognition

Face Detection | Face Recognition Accuracy (%) | Speed - CPU (fps)
Haar Cascade Python Face Recognition 85.25 6.03
ResNet + SSD Python Face Recognition 96.16 8.34

Haar Cascade DeepFace - FaceNet 74.63 3.61
ResNet + SSD DeepFace - FaceNet 84.48 4.40

YuNet SFace 94.03 14.62
MediaPipe FaceNet 98.93 24.40

IV. CONCLUSION

The presented smart mirror system enhances user conve-
nience by integrating face verification, acne detection, and
outfit recommendations for social events. The integration of
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Fig. 3: F1 and PR curves for fashion object detection

these features enhances user convenience and personalization
and makes the smart mirror to a versatile assistant for daily
routines. Future work will focus on acne severity classifica-
tion and refining fashion recommendations based on weather,
seasons, and user preferences.

V. ACKNOWLEDGMENT

This research was supported by the Science and Technology
Human Resource Development Project, Ministry of Education,
Sri Lanka, funded by the Asian Development Bank (Grant No.
STHRD/CRG/R1/SJ/06).

REFERENCES

[1] K. M. M. Uddin, S. K. Dey, G. U. Parvez, A. S. Mukta, and U. K.
Acharjee, “MirrorME: implementation of an IoT based smart mirror
through facial recognition and personalized information recommendation
algorithm,” Int. J. Inf. Technol., vol. 13, no. 6, pp. 2313-2322, Sep. 2021.

[2] S. Bianco, L. Celona, G. Ciocca, D. Marelli, P. Napoletano, S. Yu,
and R. Schettini, “A smart mirror for emotion monitoring in home
environments,” Sensors, vol. 21, no. 22, 2021. [Online]. Available:
https://www.mdpi.com/1424-8220/21/22/7453

[3] F. Becattini, L. De Divitiis, C. Baecchi, and A. D. Bimbo, “Fashion
recommendation based on style and social events,” Multimed. Tools Appl.,
vol. 82, no. 24, pp. 38217-38232, Oct. 2023.

[4] N. Ramesh and T.-S. Moh, “Outfit recommender system,” in 2018
IEEE/ACM International Conference on Advances in Social Networks
Analysis and Mining (ASONAM), 2018, pp. 903-910.

[5S] Q. T. Huynh, P. H. Nguyen, H. X. Le, L. T. Ngo, N.-T. Trinh,
M. T.-T. Tran, H. T. Nguyen, N. T. Vu, A. T. Nguyen, K. Suda,
K. Tsuji, T. Ishii, T. X. Ngo, and H. T. Ngo, “Automatic acne
object detection and acne severity grading using smartphone images
and artificial intelligence,” Diagnostics, vol. 12, no. 8, 2022. [Online].
Available: https://www.mdpi.com/2075-4418/12/8/1879

[6] H. Zhang and T. Ma, “Acne detection by ensemble neural
networks,” Sensors, vol. 22, no. 18, 2022. [Online]. Available:
https://www.mdpi.com/1424-8220/22/18/6828

[7]1 1. Adjabi, A. Ouahabi, A. Benzaoui, and A. Taleb-Ahmed, “Past, present,
and future of face recognition: A review,” Electronics, vol. 9, no. 8,
2020. [Online]. Available: https://www.mdpi.com/2079-9292/9/8/1188

[8] A. V. Savin, V. A. Sablina, and M. B. Nikiforov, “Comparison of facial
landmark detection methods for micro-expressions analysis,” in 2021 10th
Mediterranean Conference on Embedded Computing (MECO), 2021, pp.
1-4.



