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[Abstract]

This study focuses on enhancing the understanding of the form and characteristics of traditional
towers, or 'pagodas,’ by utilizing WebXR technology to enable users to explore 3D models and
experience them in virtual reality on the web. Traditional towers in Korea pose challenges for direct
on-site verification due to their size, making it difficult to examine the structure and features of each
level. To address these issues, this research aims to provide users with a WebXR service that allows
them to remotely explore and analyze towers without geographical or temporal constraints. The research
methodology involves utilizing WebAR to offer a web-based service where users can directly view the
original form of the tower's 3D model using smart devices both online and on-site. However, outdoor
conditions may affect performance, and to address this, a tower-outline detection and matching technique
was employed. Consequently, we propose a remote support service for traditional towers, allowing users
to remotely access information and features of various towers nationwide on the web. Meanwhile,

on-site visits can involve experiencing augmented reality representations of towers using smart devices.

» Key words: Traditional Pagoda, WebXR Technology, 3D Model, Virtual Reality,
Remote Support Service
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Fig. 1.

Using the Aframe WebAR

II. Preliminaries

2.1 Basic Concepts of XR(Extended Reality)
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Fig. 2. OpenXR Service Platform
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Fig. 3. World’s first virtual reality headset

2.2 WebXR
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2.3 WebAR's Recent Trends and Libraries
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¢ HTML-based syntax for easy web

developer adoption.
e Simple implementation with <
components.

« Component ecosystem for easy
AFrame feature additions.

Aframe | < Some advanced features may be
lacking compared to direct use of

Three.js.
e Limited customization for
developers requiring high-level | [Eeemm

customization.

=
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Table 1. A Library for WebAR

. . Pros

Libraries Cons App

« Rich 3D graphics capabilities.
Three. JS | ¢ Strong community and ecosystem

support.

Flexibility for various web-based
3D projects.

Steeper learning curve, especially
for beginners.

Simple implementation, especially
for marker-based AR.

Real-time tracking and recognition
using image markers.
Limited 3D graphics
compared to Three.js.

AR JS

features

III. The Proposed Scheme
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Fig. 4. Process Pagoda AR for WebXR

3.1 System Architecture
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Table 2. used for displaying the Augmented Reality
(AR) representation of traditional towers.

Image description Image \ description
‘ Cheongyang
Gan.ghwa . Seojeongni
Jangjeongni Gucheungse
Ocheungseok ok
Pagoda Pagoda
Mungyeong
Gaeseong . Gimryongsa
Namgyewonji
. Samcheungse
Chilcheungs ok
<« eok Pagodap Pagoda
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Iksan himgoksa
Wanggungni = Chilcheungse
Ocheungseok ok

Pagoda Pagoda

Anseong Gyeonmu..
, Jeonghyesaji
Bongeopsaji ;
Shipsamche
Ocheungseok
Pagoda ungseo
Pagoda
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3.2 Environment for using WebAR
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Table 3. Compilation Setting for WebAR

Div Description

Sever Synology NAS Sever(Web)
Browser Chrome for Google V8 Engine
Platform Windows,I0S, Android, Etc
Data AR.js Pattern .patt data file
Web API WebARONARCore,

Source Python, matplot, OpenCV2
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IV. Experiment and analysis
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Table 4. Traditional pagoda outline detection

Dabotap Pagoda

Original Image Contours Contours (Grayscale)
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Seokgatap Pagoda

Contours

Original Image

0Contours (Grayscale)
|
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Ganghwa Jangjeongni Ocheungseoktap

iginal Image Contours Contours (Grayscale)
! - - o i T 08

import cv2

import matplotlib.pyplot as plt
#stepl) Load image file
image_path = 'a.jpg’

image = cv2.imread(image_path)

#step2) Convert image to grayscale
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
# step3) Apply Gaussian blur (reduce noise)

blurred = cv2.GaussianBlur(gray, (5, 5), 0)

# step4) Canny Edge Detection

edges = cv2.Canny(blurred, 50, 150)

# stepb) Contour detection

contours, _ = cv2.findContours(edges, cvZ2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

# stepb) Create a contoured image

contour_image = image.copy()
-1,(0, 255, 0), 2)
# step7) Convert outline image to black and white

cv2.drawContours(contour_image, contours,

contour_gray = cv2.cvtColor(contour_image,
cv2.COLOR_BGR2GRAY)

# step8) original, outline, outline black and white image
plt.subplot(131), plt.imshow(cv2.cvtColor(image,
cv2.COLOR_BGR2RGB)), plt.title('Original Image')
plt.subplot(132), plt.imshow(cv2.cvtColor(contour_image,
cv2.COLOR_BGR2RGR)), plt.title('Contours')

plt.subplot(133),
plt.title('Contours (Grayscale)")
plt.show()

plt.imshow(contour_gray, cmap='gray'),
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Fig. 5. AR.js pattern for Pagoda recognition
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Table 5. WebAR Recognition Time(Loading)
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V. Conclusions
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