XR> AFI\—AmAI#R —
Al-3DEIERK - 5“‘9“5)»‘,‘14 “h
o ANV G0

> k

/', -\
e ful’ ~

KIS AT EmRh

// i A ‘/ %8 w0




i;%% 7T—N <

« Society 5.09 N5 EBAN— MIZE |DEEZHIELUT. AE- AT BAREDEFRZ
%‘AE’J(CE’R"DTjéix =aky i DY ab i %#%ﬁ@%t H(C, [BHRBEIERN (ICT) O
EBAIRICEBIRET YA AT ADFHFES LU ’J\I/:.\ZZ%H’\JE%&’I%*E?OMH?%-%&%’E
ﬁo"CL\i@“ W p

E I/'ﬂiﬂ _7|< i_ %BI’ _?(L_B‘J—5|CT(L_E§§_56HTM 4%&_\ Al }DQJD\J’(/\ TF’?E %E
SRE) —Fv W7o SR HRIE T TS NEFIL RED RN RE T BERZE . BSU
(C, TNSZHLEEIREE T YA (5 J’éﬁﬂn’a’: TULEI,

l‘ i
a oD 33ty &= Ris / s - —F = Y —
RIB- X KR-BR-#HHIF e RIREERIDOREEIH
. Advanced Information and Communication Technologies
BB / SRR il b
Built Environment RAREHREHIC XR 3D:tl-3DEFUYY
T U (Virtual, Augmented, Diminished,
Mixed Reality)

RO—->

AI (Axmse) 2’05985

(Building Information Modeling)



GIRIBDZEAL
APiERR (SRR H#EEEHT)

SNVERFIZR  (F919004ERT) HShiERM#IEE




Photo: f#/Th




<

ERe e ommm—— N/ ] Yessue R
S5, ABRAFIRETY> /A SAR(CLIE
HZA01F% T, [CORBYIFEESTIEND IEEVTLS (IR
Hh =E6) | AU

(2025558)°



BERRO
HEERE

JJN— /EI/I

i 7= 3

- 5 Bk
RRFAOY/(—, - g
wER

N
SR N %—wzr‘
YINIIPAYY -  wme=

FIERRE
AFA IR —IVF—T AV
SMBE5ICD,/ AV~ MF1 :

sat
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MR (#£8&I83€: Mixed Reality)

IASEHR AR #i3EIRE AV i3E{RAE {RAE 5
Real Env. Augmented Reality Augmented Virtuality VR =Virtual Env.

DR (E5BIRZE: Diminished Rea”ty) Milgram, P., & Kishino, F. (1994). Taxonomy of mixed reality visual displays.
IEICE Transactions on Information and Systems, E77-D(12), 1321-1329.
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VRMLO7 ERE:EE Monterey, CA: 1997)

2"d Symposium on the Virtual Reality Modeling Language

1L

CPU: Pentium-Pro 200 MHz

OS: WinNT 3.5.1

RAM: 64 MB

HDD: 2 GB

GPU: %158 (GeForce 256: 1999.10)

Fukuda, T., Nagahama, R, & Nomura, J. (1997). Networked VR system: Kitchen
layout design for customers. Proceedings of the Annual Symposium on the Virtual
Reality Modeling Language, VRML, 93-100.
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Al-powered Mixed Reality (2015-)
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[1] Milgram, P., & Kishino, F. (1994). Taxonomy of mixed reality visual displays. IEICE Transactions on Information and Systems, E77-D(12), 1321-1329. 19
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Inoue, K., Fukuda, T., Yabuki, N., Motamedi, A., and Michikawa, T. (2016). Post-Demolition Landscape Assessment Using
Photogrammetry-based Diminished Reality (DR) , Proceedings of the 16th International Conference on Construction Applications of
Virtual Reality (conVR2016), 689-699
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DL (REFE) [CLPZEiRE (2016)

- DR (BHIRZE) (CLoTEENEE R, IREOZEFBIRNSOFEIHDTHTULV[1].
- SegNetzZ&Z (=R ETINZHFEIB[2].

Input Sky detection with Morphological Inpainting Output
developed DL transformation

L

[1] Fukuda, T., Kuwamuro, Y., Yabuki, N. (2017). Optical Integrity of Diminished Reality Using Deep Learning, Proceedings of eCAADe 2017, 1, 241 — 250
[2] Badrinarayanan, V., Kendall, A., Cipolla, R. (2017). SegNet: A Deep Convolutional Encoder-Decoder Architecture for Image Segmentation, IEEE Transactions on Pattern Analysis and Machine Intelligence, 2017, 39(12), pp.

2481-2495, 7803544
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Mask Kikuchi, T., Fukuda, T.,Yabuki, N. (2022). Diminished reality using semantic segmentation and generative adversarial network for landscape
assessment: evaluation of image inpainting according to colour vision, Journal of Computational Design and Engineering, 9 (5), 1633 — 1649
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Drone-enabled Mixed Reality (2018-
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Kikuchi, N., Fukuda, T., Yabuki, N. (2022). Future

im BSM9 18s \ R landscape visualization using a city digital twin:

u Integration of augmented reality and drones with
Om £,0.3m 0.1m/s : 0. 8m/s \ ‘
- @ - \ \ S implementation of 3D model-based occlusion

handling, Journal of Computational Design and
AONIN—>13 /Lﬂﬁ'gMR Engineering, 9 (2), 837 — 856

26


https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032
https://doi.org/10.1093/jcde/qwac032

3 — S < . 5 X
[~ A’E b\b(DMR EetKkou]RIE | .
AN 75 E Hyetograph ERIRBICHITBMETE (
= | wAR) BbamrRUII 3D
% \ 4 ) ! 1
o Time Of_ Duration
il " concentration :
—_ : 5 1
S S Q= CIA
o //e £ : 3.6
2 NEROY5T
; = Hydrograph B&R#&@(C#513 2RIk
2 EZ{t=RULIST
T |
> Time (h) -
Drone start point
(20 m above)
/ Field of view .
Movement / " 3
y & ‘
Drone end point
30 m
© OpenStreetMap contributors (60 m above) Ead]
m/S Oom/s Kikuchi, N., Fukuda, T., Yabuki, N. (2022). How a Flooded City Can Be Visualized from

Both the Air and the Ground with the City Digital Twin Approach: System
Integration of Flood Simulation and Augmented Reality with Drones, 27th CAADRIA
Conference, Vol. 2, 607-616. https://doi.org/10.52842/conf.caadria.2022.2. 6072

AON—=3 AFEHIKMR



https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607
https://doi.org/10.52842/conf.caadria.2022.2.607

CAADRIA 2025

AHREPRIRIBICHIFE RO—>MRDZHD
7WJIz— 3N FE

RRINT I IDFRERZ
e RO—F—=AAZ0D(FERIT
<Y NV Pl D ORI 1P

T~ BHRER (SLAMER)

RN ERER

MEZ SN T ROR
—— Aol

R =AEATHIREN.

» Sparse point cloud -----. :
(SLAM)

Semantic
segmentation

Design study ) | :
m o | i R KRR WHILF SetE R B E Rl A G A
Consensus (- L ( . - & ,,_’,‘ &5 R p—— o Advanced Information and Communication Technologies
= - - |5 Built Environment @f&t;mawu XR 3Dt 3DEFUYY
bUIIdlng - b g S e 74> hed,

ko->

Output MR I | Ao ongken

Shi, Y., Fukuda, T., Yabuki, N. (2025). An Occlusion Handling Method for Drone-Based Augmented Reality in Large-Scale Urban Environment: Depth Propagation Combining Simultaneous
Localization and Mapping With Semantic Segmentation, Proceedings of the 30th CAADRIA Conference, 4, 265-274 https://papers.cumincad.org/cgi-bin/works/Show?caadria2025_141
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Server-enabled Mixed Reality (2010-12, 2020-)
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Tsujimoto, R., Fukuda, T., Yabuki, N. (2024). Server-enabled mixed reality for flood risk communication:
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On-site visualization with digital twins and multi-client support, Environmental Modelling and Software, 177, 106054 31
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Tsujimoto, R., Fukuda, T., Yabuki, N. (2024). Server-enabled mixed reality for flood risk communication: On-site visualization with digital twins and multi-client support, Environmental Modelling and Software, 177, 106054 32
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Futamura, S., Fukuda, T., Yabuki, N. (2024). The Advancement in Web-Based Mixed Reality Systems: A multi-user perspective sharing for future landscape studies, 42" eCAADe Conference, 2, 119-128 33
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Advanced Information and Communication Technologies
A/ MR R

Built Environment MREAR I XR 3DEHM-3DEFUY
T ‘ (Virtual, Augmented, Diminished,
Mixed Reality)
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3D Gaussian splattering

Bernhard Kerbl, Georgios Kopanas, Thomas Leimkuehler, and George Drettakis. 2023. 3D Gaussian Splatting for Real-Time Radiance Field
Rendering. ACM Trans. Graph. 42, 4, Article 139 (August 2023), 14 pages. https://doi.org/10.1145/3592433
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3D Gaussian Splattinglc &DBHERKRUEREFZRAWE eCAADe 2024
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C stat D

Generation of point cloud Creation of surface models
: _ P| Classify point cloud by height
/ Set multiple-view /
captured images Floor Ceiling
- / Point cloud / / Point cloud
Reconstruct by 3D Gaussian Splatting of 100F of ce+lllng
. Extract boundary Get the height of the
Generate point cloud Drlm{I"EIVES roim
Extract feature _’| Get the coordinates |
points of the ceiling
L 2
Preprocessing of point cloud Normalize the
shape
3 Walls
' .
Rotate point cloud Get the coordinates |= '\ Get the coordinates
of the floor of the walls
h 4
Remove noise Y&

Perform parametric modeling

v
C End )

Hashizume, K., Fukuda, T., Yabuki, N. (2024). A Surface Modeling Method for Indoor Spaces from 3D Point Cloud Reconstructed by 3D Gaussian Splatting, 42" eCAADe Conference, 1, 695-704
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Multi-view captured images Reconstructed 3D scene Generated point cloud
(153 images, 1600 px x 1198 px) by 3D Gaussian Splatting (Generation time: 3 min 39 sec)

~_= /

Generation of point cloud Creation of surface models
r - Classify point cloud by it
Set multiple-view
captured images Floor Ceiling
Point clo Point cloud
of of celling
tract boundary Get the height of the
Generate point cloud primitives room
[ p ] _ T o
Extract feature Get the coordinates
points of the ceilin
" Normalize the
Preprocessing of point cloud
[ Rotate point cloud | Get the coordinates
_P'l_ of the floor
[ Remove noise — I+

Perform parametric modeling

Hashizume, K., Fukuda, T., Yabuki, N. (2024). A Surface Modeling Method for Indoor Spaces from 3D Point Cloud Reconstructed by 3D Gaussian Splatting, 42" eCAADe Conference, 1, 695-704

42



3D Gaussian Splattinglc KDB1BRUEREFZ AL

ERZEBOY—JIAETUIE 3

Rotated point cloud

Noise removal using
SOR filter 1% and DBSCAN ")

Point cloud after noise removal
(163,753 points were removed)

Start

Generation of point cloud

multiple-view
tured images

Reconstruct by 3D Gaussian Splatting

[ Generate point cloud |

Set
ca

Preprocessing of point cloud

[ Rotate point cloud |

[ Remove noise —

Creation Zﬂ:! models

Classify point cloud by height

ioor Ceilins
Point cloud Point cloud,
of floor of cell

Extract boundary Get ) eight of the
rimitives room

Extract feature Get the coordinates
points of the ceiling

E2 T3
Perform parametric modeling

10) Rusu, R.B. (2010). Semantic 3D Object Maps for Everyday Manipulation in Human Living Environments. Klnstliche Intelligenz, 24, 345-348. doi.org/10.1007/s13218-010-0059-6
11) Ester, M., Kriegel, H., Sander, J., & Xu, X. (1996). A Density-Based Algorithm for Discovering Clusters in Large Spatial Databases with Noise. Knowledge Discovery and Data Mining.
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Classification of point cloud Normalization by the polyline Output surface model

floor (red), ceiling (blue) compression algorithm 12)

Classify point cloud by height

Set multiple-view
ca es

fured ima: Floor Ceiling
Point cloud Point cloud
Reconstruct by 3D Gaussian Splattini of floor of cellin
Extract boundary Get the height of the I
[ Generate point cloud | primitives | room

Get the coordinates

Extract feature
of the ceilin

points
Normalize the
shape

Get the coordinates
of the floor

E2 T3
Perform parametric modeling
End

12) Gribov, A. (2019). Optimal Compression of a Polyline While Aligning to Preferred Directions. 2019 International Conference on Document Analysis and Recognition Workshops (ICDARW), 1, 98-102.
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CVPR 2025, Jun. 11-14

The highest int’l conference on image-based Al:
« The h-5 index (a metrix of the N of papers cited N times or more
in the past five years) is 440, second only to Nature magazine.

2025

« Paper submission: 13,008

« Accepted: 2,872 (Acceptance rate: 22%)

« 12,000 participants from 76 countries/regions

» Poster sessions: in the morning and afternoon, with a total of
1,000 posters per day, 500 posters per 2 hours!

Google Scholar Q
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4. Science 633
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https://cvpr.thecvf.com/

VGGT: Visual Geometry Grounded Transformer

https://hugqgingface.co/spaces/facebook/vgqt

3D Reconstruction (Point Cloud and Camera Poses)

Upload complete. C

3D Model

1. Input Upload a video or image.
iceaidl 1920 x 1080, 20 seconds DO
Shot: July 16 by TomoFuku

nages

771 ) ZICROYT

ObYl [eWpiEs

2. Generate 20 frames

a \
\(:-’

\’;‘ Reconstruct 3, 3econ struct Clear

“Our model itself usually only needs less than 1 second to reconstruct a scene. However, visualizing
3D points may take tens of seconds due to third-party rendering, which are mdependent of VGGT's
processing ttme Depthmap and Camera Branch Pointmap Branc 46



https://huggingface.co/spaces/facebook/vggt

MIDI: Multi-instance Diffusion for Single Image to 3D Scene Generation

https://hugqingface.co/spaces/VAST-Al/MIDI-3D

2 Input Image 21 Segmentation Result ’ ) Generated GLB

1. Inpuf: U ;V.

Draw bounding boxes \
Segmentation Settings 4624 x 3468 v

Shot: July 16 by TomoFuku .
Polygon A ey 3. Generation

2. Run Segmentation Run segmentation

Generation Settings v
Do image padding

Seed 2011819116 Download GLB
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https://huggingface.co/spaces/VAST-AI/MIDI-3D

MoGe-2: Accurate Monocular Geometry with Metric Scale and Sharp Details

https://hugqgingface.co/spaces/Ruichenqg/MoGe-2

3D View Depth Normal Measure Download

Note: Inference has been completed. It may take a few seconds to download
the 3D model.

[¢-

[ 3D Point Map

& Q0
| 1. Input: Upload an image.
setings 4624 x 3468 3

Maximum Image Size Shot: July 16 by TomoFuku

800

Inference Resolution Level

ngh v
48


https://huggingface.co/spaces/Ruicheng/MoGe-2
https://huggingface.co/spaces/Ruicheng/MoGe-2
https://huggingface.co/spaces/Ruicheng/MoGe-2

MoGe-Z Accurate Monocular Geometry with Metric Scale and Sharp Details

https://huggingface.co/spaces/Ruicheng/MoGe-2
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MoGe-2: Accurate Monocular Geometry with Metric Scale and Sharp Details

https://huggingface.co/spaces/Ruicheng/MoGe-2

f1 X 3D View Denth ﬂnrr.nnl Measure Download
: . Dome diameter
St. Peter's Basilica seen through a Note: In. :

41 m (Actual size)
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MoGe-2: Accurate Monocular Geometry with Metric Scale and Sharp Details

https://hugqgingface.co/spaces/Ruicheng/MoGe-2

Pa ntheon % Input Image £ X 3D View Depth Normal m:: ooooo Dou:nloczd
Skylight diameter (Oculus)

9 m (Actual size)
3.86 m (Measured with MoGe-2)

Note: Inference has been

[% 3D Point Map

o Horizontal FOV: 35.2°,
o Vertical FOV: 45.9°
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[ Reception zone
- Meeting zone
[ office zone

R KRR WHTF

Outputs : o

Interior space : Room- and zone-level :

. 3D pose Occupancy - : :
Muti-view videos . estimation Digital twi detection model = QOccupancy status = Chen, S., Fukuda, T., Yabuki, N. (2025). Development of an occupancy
= igital twins > = Mmeasurement system for micro-zones within open office spaces based on
. . (Humans) = - = multi-view multi-person 3D pose estimation, Journal of Building Engineering,
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3.1 Data Collection and PrcprocessingJ

3.1.1 Street View Image Acquisition 3.1.2 3D Scene Reconstruction from Street View Images  3.1.3 Standardized View Generation

3D Gaussians

SFM Points Camera position
- informations
STV fo] (& A
_algorithm 1
lso scene gun
-0 4
& -

3.2 Plant Visual Feature Evaluation Based on S3PVI

3:2: lima;_,c Classification and Semantic Segmentation 3.2.2 S3PVI Calculation for Plant Visual Feature Quantification

! Localization'

nput I\pe of tices & lassification pmccsﬁ Area_vi
. : ' ﬁ ‘ gpmccss ‘
m 3.2.3 Seasonal Variation
f : Analysis of Plant Visual Features

Image classification
EfficientNet

Semantic segmentation @ II I| \
DANet

Hu, A., Yabuki, N., Fukuda, T. (2025). A Multi-temporal
Framework for Urban Green Space Vegetation Visualization
and Analysis Using Deep Learning and 3D Reconstruction,

Landscape Ecology, 40, 125. https://doi.org/10.1007/s10980-

025-02090-4
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