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Abstract

This study establishes a photogrammetry-LiDAR fusion 3D scanning pipeline for reproducing the cultural identity of physical
spaces in digital environments, applying Edward Relph's theory of placeness and Zook and Graham's concept of coded space. An
empirical study targeting the campus of a broadcasting and media specialized educational institution achieved significant
improvements through a four-stage data fusion process: level-based recognition rates increased by 26 percentage points and point
precision improved by 15~18 percentage points compared to individual methods. Additionally, QEM-based optimization
demonstrated a 183% improvement in average frame rate while reducing polygon count to 5% of the original. The proposed
pipeline represents an interdisciplinary approach that applies humanistic theories of placeness to digital environments, presenting a
novel direction that simultaneously pursues humanistic value and technical efficiency in immersive content production.
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AEELE REL
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2! 1. Photogrammetry-LiDAR && 3D OfAl 4Mg /8t Hiole o8 ¥ MMz| mo|=zfel
Fig. 1. Data Acquisition and Preprocessing Pipeline for Photogrammetry-LiDAR Hybrid 3D Asset Generation
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Table 1. Comparative Analysis of Core Theories on Digital Placeness

Theorist Core Concept Implication for Digital Placeness
Edward Relph Place involves identity, memory, and Highlights the need to design digital spaces that reflect
(1976)%4 emotional attachment. social and cultural layers, not just visuals.
Henri Lefebvre Space is socially produced through Highlights the need to design digital spaces that reflect
(1991)29 material, symbolic, and lived practices. social and cultural layers, not just visuals.
Marc Augé Non-places are anonymous spaces Warns that digital content can become placeless unless
(1995)2€1 lacking identity and relation. enriched with contextual meaning.
Zook & Code shapes physical and virtual 3D scanned environments illustrate how code structures
Graham(2007)7) space as “code/space.” user perception and interaction.
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1) Relph, E., Place and Placelessness, London: Pion, pp.63-67, 1976.
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S8tk Fo v AxEe FEE Q1Y E(Level AAZE QY 2 A A AlE e gRE 913 4
Recognition Rate)¥} ¥91E 4 &= (Point Accuracy)® A Agor 484 F 3le Aoz /e
etdith o] F A& 742 3D A HA" 7]
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AEE Hrdeth & 1A EL 7E F2E W OiF
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E =73 3o M TEIGW EL-goltt §3 e ¥ Atk ©1& 918 QEM(Quadric Error Metrics) 714t
ETHWET] T 2 oin] FFE HA 26% EAE wA] ZhAa8 G e]Fe] ol A] g(Edge Collapse) 71% <
Q1415 SRS UER T o] gholt} 78k Zo] AR} 7) A-gstod, i3k £ EY(LOD 0, 5005+ FE2)s 71F2
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8] A B0l w2 A A sl 249l LODE 75 =4 WAz sl % 32 72 &Ad
3D 72 A¥ A} FAEYSS A=s) ek Tl Edo ol Hriet AsE AAlSAT 18y et
E AYE 9A ETHUED S} golrt §9 Aol A LOD 7&& fsliM = & Ak Fad] XA 3, w4l
WA O F oF [5-18% EOE /JAE Ao Lyttt o s A Fxol A A F Eelds Fhce
= goltte] 74 A =4 750 TEIHWET 7) Hr2lo] @ E T o2fdk HEe A Al mE AeA
HF FOIE ZEke-Eo] o B wo|2E A O B AE s 7hes RN, A oS SHREHAE
S =3l E3) IPx), w2 giEl, gax 12 = gAY FaAe Azte F4s A8 g A A=
olmx] Agto] kst ZANME glolt} HolEE T2 ojgt & < Utk AlZtA F4 HIF A3 LOD 19] A5
BA g2 A2 ozn A3 A it 7|odek S 9l A OiE] 50% EE)L PholE EFsl F8 T2 5
o} 28y T AA )6k dlolE 7ke] A3 o] Sk SR B Aad BACl AR R FAHN T HERT
S AL ER Jolo A o] 27} AEE = glon o] 2 LOD 2 A8 #&A F5gh Fa o] 7hsst
BAEN] 98 T4 FHNME AP gansk Az Tl LOD 32 A AN 712 Fa A

o £FHE /14 BAE Qe mETAAEs o © 5T A% YA vehdnt

B 2. ZETIHHEZ| J[8F MEt vs. ZETIZHHEZ| 9} 2lo|Ct HE AEt H|lw 2AM 2t
Table 2. Comparative Analysis of Photogrammetry vs. Photogrammetry+LIDAR Registration Results

Matching Method Level Recognition Rate Point Accuracy

Building A Photogrammetry 61% 76%
(Main Building) Photogrammetry+LiDAR 93% 91%
Building B Photogrammetry 63% 74%
(Complex Studio) Photogrammetry+LiDAR 94% 92%
) Photogrammetry 62% 71%

Stadium -
Photogrammetry+LiDAR 89% 87%
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F 3. LOD HAE oiA] 3 BIAX Z& Hlw
Table 3. Visual and Geometric Comparison of LOD Levels

View
LOD Polygon Visual Quality Variation
Level Count
LOD 0 5,000,000 All dgtg|ls are preserved as in
the original model.
Optimal balance point where key
structural features and the
LOD 1 2,500,000 | placeness identity are effectively
preserved despite a 50%
reduction in polygons.
LOD 2 1,000,000 Good Ievgl for place.recog..]nltlon
from a mid-distance viewpoint.
The minimum threshold for place
LOD 3 250,000 identification in far-distance
rendering.
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T
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